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Introduction 


Giuseppe Specchia, mD, Diego Ardissino, mD, and William C. Roberts, MD 


he identification of the best therapeutic 

approach in patients with unstable angina 

remains a challenging problem for the cardi- 
ologist. The rate of major coronary events in 
patients with chronic stable angina is rather low 
and aggressive treatment of myocardial infarction 
with thrombolytic agents and B blockers has also 
reduced mortality in this subgroup of patients. On 
the other hand, a consistent number of patients 
with unstable angina die suddenly or develop acute 
myocardial infarction during hospitalization or dur- 
ing the first year of follow-up. 

Full knowledge of the specific pathogenetic 
mechanisms of the diseases are the bases for a 
good therapeutic approach. The pathophysiology 
of unstable angina is not completely understood 
yet. When a coronary lesion becomes unstable, 
something in the arterial wall is changing and these 
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changes must be responsible for the reduction in 
coronary blood flow below the myocardial meta- 
bolic needs. In a small subgroup of patients the 
instability is caused by coronary arterial spasm, 
which may be clinically identified and successfully 
treated with calcium antagonists and nitrates. How- 
ever, in the majority of patients with unstable 
angina, the pathogenetic mechanism seems to 
involve the process of plaque complications with 
subsequent thrombus formation. It is, therefore, 
rational to suppose that antiplatelet, antithrom- 
botic and thrombolytic agents could be beneficial. 
Although aspirin and heparin have demonstrated a 
favorable effect in this syndrome, current trials 
with thrombolytic agents failed to reach conclusive 
results. 

The lack of a general consensus was the main 
stimulus for the organization of this workshop, and 
the hope is that the articles presented in this 
supplement will help to clarify some theoretical 
and practical points pertaining to the pathophysiol- 
ogy and the treatment of unstable angina. 








Dr. Giuseppe Specchia (left), Dr. Diego Ardissino (center) and Dr. William C. Roberts (right). 
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Pathogenesis of Thrombosis in Unstable Angina 


James H. Chesebro, mp, Pierre Zoldhelyi, mp, and Valentin Fuster, mp 





Plaque rupture of the thinned, weak fibrous cap 
infiltrated by macrophages and overlying a pool 
of lipid in the arterial wall initiates the acute 
thrombotic event of unstable angina. Thrombosis 
may be advanced within minutes. Most lesions 
that precede plaque rupture are minor ( < 50% 
stenosis); thus, thrombus greatly contributes to 
sudden flow limitation and onset of symptoms. If 
thrombosis can be totally blocked (not possible 
with current antithrombotic agents), clinical 
events should be preventable, and endogenous 
thrombolysis may be possible within days. Local 
and systemic factors contribute to arterial throm- 
bosis. With type Ill injury (fissure into plaque or 
media) platelet-rich thrombus anchors in the fis- 
sure, tracks along the site of deep injury, extends 
into the lumen, and requires the highest blood 
level of specific thrombin inhibition (a molar con- 
centration that inhibits the total concentration of 
prothrombin in circulating blood). Thus, the 
thrombin content requiring inhibition in type Ill 
injury is highest. Local factors for thrombosis as- 
sociated with type Ill injury include the rheology 
of blood flow (increased shear rate forces plate- 
lets to the periphery) and substrates in the arte- 
rial wall. Plaque substrates include the more 
thrombogenic collagens (types | and Ill and dia- 
betic or glycosylated collagen), tissue thrombo- 
plastin, lipid gruel, thrombin bound to arterial wall 
matrix, and decreased prostacyclin. There is a 
direct relation between platelet deposition 
(thrombus) and local vasoconstriction, which may 
perpetuate each other. Thrombus as a substrate 
is more thrombogenic than type Ill arterial injury. 
Specific thrombin inhibition can totally block ar- 
terial thrombosis and growth of thrombus after 
type Ill injury. This is diagnostic of the critical role 
of thrombin in platelet-rich arterial thrombosis 
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and may provide a future major therapeutic ad- 
vance after the duration of therapy and factors 
determining this and the human dosage are more 
precisely evaluated. 

(Am J Cardiol 1991;68:2B—10B) 


echanisms of thrombosis are of critical 
JM Ge for designing therapeutic 

strategies and relevant clinical trials. Dis- 
regard for mechanisms that may include details of 
dosage for preventing mural thrombus, timing, and 
duration of therapy leads to testing of suboptimal 
therapeutic strategies that do not improve current 
clinical treatment and wastes the time, effort, and 
monies of multitudes of investigators and pharma- 
ceutical companies. This increases the cost of 
research and new drug development and ultimately 
the cost of medical care. Thus, mechanisms are 
important for the design of clinical trials and to 
apply the art and science of medicine to the 
individual patient. 

We will discuss the underlying pathogenesis for 
the development of thrombosis, local and systemic 
factors contributing to thrombosis and especially 
the role of thrombin, the development and contri- 
bution of vasoconstriction to thrombosis, residual 
thrombus and its role as a highly thrombogenic 
substrate and future antithrombotic approaches. 


PLAQUE RUPTURE: THE SETTING FOR 
THROMBOSIS 

Plaque rupture changes chronic coronary dis- 
ease into the acute coronary syndromes of unstable 
angina, acute myocardial infarction, and sudden 
coronary death. Lesions with an underlying lipid 
pool of cholesterol crystals and fatty gruel rupture 
through the thinned fibrous cap that covers this 
pool. A delicate latticework of collagen is present 
at the site where the fibrous cap tears. Immunohis- 
tochemical staining shows monocytes interspersed 
within the delicate and torn latticework. The fi- 
brous cap usually ruptures at the margin of attach- 
ment, which results in a fissure into the plaque and 
often dissection of blood into the cavity of the lipid 
pool. This blood forms a thrombus that often 
extends into the lumen, obstructs coronary blood 
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flow, and thus leads to the acute coronary syn- 
dromes.’” If thrombus does not extend into the 
lumen, patients may remain asymptomatic with 
only a slight increase in lesion bulk and minimal 
decrease in luminal size (Figure 1). Thrombus may 
extend into the lumen, partially obstruct blood 
flow, and lead to new onset unstable angina with or 
without non-Q-wave myocardial infarction or sud- 
den death (Figure 1B). Intraluminal thrombus may 
continue to grow and totally obstruct the lumen, 
leading to acute myocardial infarction with or 
without sudden death (Figure 1A). Organization of 
mural thrombus also appears to be a leading cause 
of progression of coronary artery disease (Figure 
 1D).* Thus, if progression of thrombosis could be 
totally blocked, myocardial infarction could be 
prevented and the dynamic and simultaneous pro- 
cesses of thrombosis and thrombolysis could be 
channeled toward endogenous lysis with eventual 
resolution of luminal thrombus (Figure 1E). 


LOCAL AND SYSTEMIC FACTORS 
CONTRIBUTING TO THROMBOSIS: ROLE OF 
THROMBIN 

Plaque rupture is a form of spontaneous deep 
arterial injury that leads to intraluminal develop- 
ment of a platelet-rich thrombus. Type II or mild 
injury (endothelial denudation) leads only to a 
single layer of platelet deposition in the absence of 
a severe stenosis. ™! However, type III or deep 
injury (below the internal elastic lamina of the 
normal artery or into the plaque fissure) leads to 
the onset of platelet deposition within milliseconds 
and growth of thrombus, which may lead to total 
occlusion within minutes (Figure 2A). Platelet-rich 
thrombus tracks along the site of tear in deeply 
injured artery (Figure 2B). 


FIGURE 1. Diagram of plaque rupture 
and arterial thrombus. Plaque rupture 
leads to formation of a fissure with 
flowing blood contacting intraarterial 
structures and forming an Intrafissure 
thrombus. This may not lead to symp- 
toms (except for possible sudden onset 
of coronary spasm or vasoconstriction 
associated with arterial Injury). The 
thrombus may progress to luminal 
thrombus and cause unstable angina or 
non-Q-wave myocardial Infarction (Mi) 
(B), or total occlusion, which is often 
associated with transmural or Q-wave 
Mi (A). intraluminal thrombus may un- 
dergo endogenous lysis with healing of 
the fissure and no p of dis- 
ease or symptoms (B to C). intraluminal 
thrombus may organize, lead to pro- 
gression of disease with or without sub- 
sequent symptoms (D). A piece of 
thrombus may embolize distally (E). 


Intrafissure 
thrombus: 
No symptoms 


C) Healed fissure: Thrombus 
incorporation, no symptoms 





Local factors contributing to thrombosis include 
the rheology of blood flow and the substrates for 
thrombosis within the arterial wall. Platelet deposi- 
tion increases directly with the shear force. Shear 
force is the difference in fluid or cell velocity at the 
center of flow compared with the periphery of the 
artery. It is directly related to flow velocity and 
inversely to the third power of the luminal diame- 
ter.'''* Thus, small arteries with high flow velocity 
(such as coronary arteries) are at higher risk of 
thrombosis than large caliber arteries (such as the 
aorta or iliac arteries). In the presence of high 
shear, red cells force platelets to the periphery, 
where they are deposited at sites of injury. In 
addition, high shear increases surface adenosine 
diphosphate (ADP), which contributes to platelet 
activation and deposition.'’’”’ In the presence of 
type II or mild injury, platelet deposition remains 
low and reaches a plateau in the presence of 
increasing shear force. Platelets may transiently 
ageregate beyond a single layer but are poorly 
anchored and readily wash away (Figure 3A)." In 
the presence of type III or deep injury, platelet 
deposition continues to increase at a rate that is 
directly related to shear force (Figure 3B).'" 
Platelet deposition increases in direct relation to 
the severity of stenosis (Figure 4A). The greatest 
concentration of platelets is within the minimal 
lumen diameter of the stenosis. A more fibrin-rich 


or reddish thrombus usually forms distal to a 


stenosis.'* Thus, it is not surprising that intraopera- 
tive coronary angioscopy looking retrograde at a 
culprit lesion of unstable angina reveals reddish- 
colored thrombus,” whereas antegrade viewing of 
a culprit thrombus of unstable angina during coro- 
nary angiography shows a whitish or platelet-rich 
thrombus." In the presence of a stenosis, steady 


A) Occlusive thrombus, 
acute MI 


B) Intrafissure and 
luminal thrombus, 
unstable angina, 
non-Q-wave MI 


Teor omy, 
NX Smbolis> 
E) Embolism 


D) Organized thrombus, 
angina or no symptoms 


mayo 
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FIGURE 2. A, platelet-rich thrombus occluding normal por- 
cine carotid artery 20 minutes after deep arterial injury by 
balloon angioplasty. (Reprinted with permission from Circ 
Res.*) B, platelet thrombus adhering and tracking along 
arterial tear into media 20 minutes after balloon angio- 
plasty in porcine carotid artery. Marker lines above seg- 
ment in millimeters. 


growth of a thrombus may be observed with a 
sudden falloff in platelets consistent with partial 
embolization and a very rapid regrowth consistent 
with accelerated thrombosis, which will be dis- 
cussed later under residual mural thrombus (Fig- 
ure 4B). 

Local arterial wall substrate characteristics that 
modulate the severity of thrombosis include the 
depth of injury, the surface area and configuration 
of the deep injury track, the type of collagen, the 
presence of a lipid pool of fatty gruel, tissue 
thromboplastin, prostacyclin production, and 
thrombin content of the lesion. A narrow and short 
length of deep injury is more likely to lead to a 
mural thrombus without obstruction, whereas a 
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I5 20 25 
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FIGURE 3. A, *“in-labeled platelet deposition on deendo- 
thelialized vessel wall (mild type Il injury) on vertical axis 
with time in minutes on horizontal axis at different wall 
shear rates. Wall shear rate (sec *): A = 1,690; @ = 212; 
O = 106. B, platelet deposition on type | collagen strips of 
pig tendon (which is similar to deeply injured artery into 
media) with *“in-platelet deposition on the vertical axis 
and time in minutes on the horizontal axis at different 
shear rates. Shear rate (sec *): @ = 3380; © = 1690; A = 
212. (Reprinted with permission from Arteriosclerosis.™) 


large area of deep injury or a long narrow segment 
of deep injury that spirals the arterial lumen is 
more likely to lead to total occlusion. Collagen 
types IV and V are found in the arterial intima and 
are minimally or nonthrombogenic. However, colla- 
gen types I and III are found in the arterial media 
and atherosclerotic plaque and are highly thrombo- 
genic.'”'* The lipid pool, and especially the oxida- 
tive products, can also stimulate coagulation. Tis- 
sue thromboplastin is especially rich within the 
adventitia and is present in more variable but 
lesser degrees in the media and within the fibrous 
cap of the plaque.’””” 

Antibodies to tissue factor have enhanced pa- 
tency of the everted (inside-out) segments of femo- 
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FIGURE 4. Left panel shows *“In-labeled platelet deposition (PD, percent of 

platelets deposited) on the vertical axis from blood derived from carotid ar- 

tery of pig and perfused through an ex vivo perfusion chamber containing 
eccentric 


deeply injured arterial tissue during Increasing degree of 


stenosis. 


The largest concentration of platelets was on the apex or greatest severity 
of stenosis (S); this platelet deposition Increases markedly with Increasing 
severity of stenosis as shown by the bar graph. Right panel shows the conti- 
nous scintigraphic image from 0 to 50 minutes of thrombus growth during 
perfusion of deeply injured arterial tissue in ex vivo perfusion chamber with 
an 80% stenosis. Values on vertical axis are *“in excess activity with respect 
to blood at the peak of stenosis. After reaching a higher level of platelet de- 
position at arrow 1, note the rapid falloff of platelet deposition approxi- 
mately 8 minutes later with embolization of platelets and the extremely 
rapid regrowth thereafter (at arrows 2 and 3). See text. (Reprinted with per- 


mission from Circulation.*) 


ral artery in rabbits.” Prostacyclin and endothelium- 
derived relaxing factor both have potent antiplatelet 
properties and are synthesized by the endothelium. 
Prostacyclin is also synthesized by additional arte- 
rial structures adjacent to the lumen of the artery; 
thus, damage to endothelium and adjacent struc- 
tures reduces the natural antithrombotic protec- 
tion within the arterial wall.” In addition, arterial 
wall matrix exposed to flowing blood binds a-throm- 
bin, which remains active for platelet activation 
and coagulation.” 

The central and critical in vivo role of thrombin 
in arterial thrombosis has been documented by the 
use of specific receptor inhibitors to important 
activators of platelets. Specific receptor inhibitors 


FIGURE 5. Percentage of arterial seg- 
ments with macroscopic mural throm- 
bus in a porcine model of deep arterial 
injury produced by balloon dilation. 
Heparin produced a dose-dependent 
reduction in the incidence of mural 
thrombus from 73% in the lowest to 
10% in the highest heparin group. The 
activated partial thromboplastin time 
was 2 times control in the first heparin 
group but > 6 times control in all other 
heparin groups. In comparison, hirudin 
1 mg/kg bolus followed by 1 mg/kg/hr 
(which prolonged the activated partial 
thromboplastin time to 3 times the con- 
trol value) completely abolished mural 
thrombus formation. (Reprinted with 
permission from Circulation.”’) 


with thrombus, % 


u) 
~ 
es 
® 
= 
o) 
® 
a) 
U 
® 
b 
ta 
£ 
= 
Qa 
® 
® 
Q 
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Heras et al: Circulation 79:657, Mar 1989 





to thrombaxane A,, serotonin, or both, significantly 
reduce the acute vasoconstriction in the region of. 
acute arterial injury but do not significantly reduce 
quantitative 'In-labeled platelet deposition or the 
incidence of mural thrombosis.” The finding that 
increasing doses of heparin significantly reduce the 
quantitative platelet and fibrinogen deposition and 
the incidence of mural thrombosis in the presence 
of deep arterial injury (Figure 5) raised the ques- 
tion of whether this was an anti-Xa effect of 
heparin or an antithrombin effect. Use of low 
molecular weight heparin with a greater anti-Xa 
effect did not significantly reduce arterial thrombo- 
sis after deep injury until higher doses of low 
molecular weight heparin with greater antithrom- 


Hirudin 
Heparin dosage* 


CG-113178X-5C 
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bin effects were used.” However, specific antithrom- 
bin therapy (inhibits platelet aggregation to throm- 
bin but not thromboxane A,, serotonin, ADP, or 
collagen) totally eliminates mural thrombosis (Fig- 
ure 5) and reduces platelet deposition to a single 
layer in vivo after deep arterial injury.””™ 

The generation of thrombin is markedly acceler- 
ated by formation of an activator complex (pro- 
thrombinase complex), which consists of factors Xa 
and Va bound with calcium ion to a lipid mem- 
brane, such as the platelet membrane (Figure 6). 
This activator complex increases thrombin genera- 
tion by 278,000 times the production rate of a 
single factor.” Thrombin also enhances its own 
generation by activating factor V to Va. In addition 
to converting fibrinogen to fibrin, thrombin acti- 
vates factor XIII to XIIa, which cross-links fibrin 
for stabilization of the thrombus.” 

Different doses of antithrombin inhibition are 
required, depending on which function of throm- 
bin is being inhibited. Because hirudin forms a 1:1 
stoichiometric complex with thrombin, the blood 
level of hirudin required for total inhibition of 
thrombosis appears to be a measure of the throm- 
bin content of the pathologic state or lesion. Thus, 
5 times the blood level of hirudin is necessary to 
inhibit platelet thrombi compared with fibrin 
thrombi during disseminated intravascular coagula- 
tion. The thrombin content of deeply injured 





artery appears to be 8-10 times greater than that of 
mildly injured (deendothelialized) artery as deter- 
mined by the dose of hirudin in vivo necessary to 
inhibit thrombus formation totally”**'” (Wallis 
RB: Personal communication). 

Systemic factors also modulate and may en- 
hance arterial thrombosis. Platelet deposition is 
enhanced by epinephrine infusion and by blood 
from cholesterol-fed rabbits that perfuses a seg- 
ment of deeply injured normal artery.**** The 
homology of lipoprotein Lp(a) with plasminogen” 
probably decreases endogenous thrombolysis and 
weights the dynamic process of thrombosis and 
thrombolysis toward greater residual thrombus. 
Platelets are extremely rich in plasminogen activa- 
tor inhibitor type 1 (PAI-1), which not only in- 
creases resistance to exogenous thrombolysis, but 
also probably reduces endogenous thromboly- 
sis. A major systemic factor that reduces throm- 
bosis is lipoprotein-associated coagulation inhibi- 
tors (LACI). Blood levels of LACI are measurable, 
are enhanced by heparin, and are present in a free 
and bound (predominantly to high density lipopro- 
tein cholesterol) state.” 


ARTERIAL INJURY AND VASOCONSTRICTION 
Acute arterial injury is associated with vasocon- 

striction in the region of injury (Figure 7). The 

vasoconstriction may occur adjacent to a balloon 
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FIGURE 6. Blochemical Interactions between platelet membrane receptors, vessel wall, and adhesive macromolecules 
during platelet adhesion and aggregation (left). Also depicted are the Intrinsic and extrinsic systems of the coagulation 
cascade and their interaction with the platelet membrane (right), such as via the prothrombinase complex, the activator 


complex for thrombin. Coronary thrombosis Is associated with both platelet and 
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linked. (Modified with permission from Circulation.™) 
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FIGURE 7. Left panel: Dilated porcine 
carotid artery with vasoconstriction lo- 
calized proximal and distal to the di- 
lated region in an untreated control ani- 
mal. Right panel: Dilated porcine 
carotid artery without significant vaso- 
constriction in pig treated with intrave- 
nous nitroglycerin by previously de- 
scribed protocol.” 


dilated region, as in experimental studies in pigs 
where necrosis of smooth muscle cells is evident by 
24 hours after injury in the dilated region.*”’” This 
vasoconstriction is significantly reduced with nitro- 
glycerin, thromboxane receptor inhibition, seroto- 
nin receptor inhibition, or aspirin.~””” 

There is a direct correlation between the sever- 
ity of vasoconstriction and the log of platelet 
deposition. Reduction of platelet deposition with 
aspirin also reduces but does not eliminate the 
vasoconstriction. It is known that thrombin stimu- 
lates endothelin release, and thus endothelin may 
also contribute to the acute vasoconstriction of 
arterial injury.” 

In humans, the acute vasoconstriction associ- 
ated with coronary angioplasty may occur in the 
dilated region, reaches a peak at 30 minutes after 
the procedure, and is preventable by an intrave- 
nous infusion of nitroglycerin.” This vasoconstric- 
tion occurred in humans despite the routine use of 
oral calcium antagonist therapy. Thus, routine use 
of intravenous nitroglycerin would appear to be 
indicated after coronary angioplasty. 

Endothelial denudation of porcine coronary 
arteries by balloon without severe injury or dilation 
leads to acetylcholine-induced vasoconstriction only 
in the region of endothelial denudation, but not in 
the distal uninjured region of the same coronary 
artery.” In the pig there is partial regrowth of 
endothelial-like cells after 4 days, and acetylcholine- 
induce vasoconstriction persists at this time. Com- 
plete endothelial regrowth occurs at 7 days. Acetyl- 
choline no longer causes vasoconstriction in the 
previously denuded region either 7 or 14 days after 
the injury when endothelial-like cells have fully 
regrown.” Thus, segmental endothelial injury can 
lead to segmental vasoconstriction. Elevated se- 
rum cholesterol may induce diffuse endothelial 
injury. Cholesterol feeding in pigs for 4 months 
leads to diffuse acetylcholine-induced vasoconstric- 





tion in porcine coronary arteries.” We are cur- 
rently investigating whether reduction of serum 
cholesterol will reverse this abnormality in vasocon- 
striction. 

Arterial vasoconstriction may increase local 
shear forces and enhance platelet deposition and 
thrombus formation. Reduction of vasoconstric- 
tion with nitroglycerin may indirectly reduce plate- 
let deposition by reducing local shear forces, but 
there may also be a direct effect on reducing 
platelet deposition such as observed experimen- 
tally in pigs” and as suggested by inhibition of 
platelet aggregation by a nitroglycerin infusion in 
humans.” 


RESIDUAL MURAL THROMBUS: A SUBSTRATE 
OF ENHANCED THROMBOGENICITY 

Residual thrombus is a more thrombogenic 
substrate than deeply injured arterial wall. A 
residual stenosis greatly potentiates the enhanced 
platelet deposition on residual thrombus. In the 
absence of a stenosis, platelet deposition is approx- 
imately doubled on residual thrombus compared 
with a deeply injured artery. In the presence of an 
80% stenosis, platelet deposition is increased 3—4 
times on residual thrombus compared with deeply 
injured artery.” Recurrent myocardial ischemia is 
present in 20% to nearly 40% of patients with 
unstable angina who are treated with aspirin, 
heparin, or both.“ Why is residual thrombus so 
thrombogenic and why does heparin incompletely 
protect against recurrent ischemia? 

Thrombus contains active thrombin adsorbed to 
fibrin. Disturbance of a thrombus by lysis, catheter 
breakage, or spontaneous partial embolism ex- 
poses even more active thrombin from within 
(Figure 8). Thrombin activates platelets, which 
release platelet factor 4, an antiheparin substance. 
Thrombin or plasmin activate factor V to Va, a 
necessary component of the prothrombinase com- 
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FIGURE 8. The critical role of thrombin in enhancing the thrombogenicity of residual thrombus Is depicted and summa- 
rized. Thrombogenicity is enhanced even more by thrombolysis, mechanical breakage, or partial embolism because ad- 
ditional active thrombin, which is adsorbed to fibrin, is exposed. See text. (Reprinted with permission from Webster et 


al.™) 


plex, which greatly accelerates thrombin genera- 
tion. Factor Va and the platelet membrane protect 
Xa from inhibition by the heparin—antithrombin 
III complex. Thus thrombin can enhance its own 
generation. In addition, thrombin converts fibrin- 
ogen to fibrin and produces fibrin II monomer, 
which interferes with heparin-antithrombin III in 
activation of thrombin. Thrombin also activates 
factor XIII to XIa which cross-links fibrin and 
thus stabilizes the thrombus.” 

Thirty to 50 times the dose of heparin is re- 
quired to partially inhibit thrombin (70-75% in- 
hibition of fibrinopeptide A generation) bound to 
fibrin compared with free thrombin within plasma.”’”” 
However, specific thrombin inhibitors, which are 
smaller molecules with more ready access to throm- 
bin bound to fibrin within a thrombus, fully inhibit 
thrombin (100% inhibition of fibrinopeptide A 
production) at the same dosage of inhibitor whether 
thrombin is free within plasma or bound within the 
thrombus.” 

Even though heparin does not fully inhibit 
thrombin bound to arterial wall matrix or within a 
thrombus and does not fully prevent growth of an 
arterial thrombus,”””°'’ it is clinically useful to 
reduce infarction and death in unstable angina, 
probably because it may reduce the central core of 
luminal thrombus and thus reduce the incidence of 
total occlusion.*” In addition, in three retrospec- 
tive studies in patients with unstable angina hep- 


arin administered for 3-7 days improved the suc- 
cess of subsequent angioplasty, significantly reduced 
the incidence of total occlusion after angioplasty, 
and reduced the incidence of myocardial infarc- 
tion, emergency bypass surgery, or death after 
angioplasty.” =" 


FUTURE ANTITHROMBOTIC APPROACHES 
Future therapeutic approaches include inhibi- 
tion of thrombin generation proximal to its forma- 
tion, such as by inhibiting factors Xa, VIIa, IXa, or 
tissue factor, inhibition distal to its formation such 
as infusion of activated protein C, inhibiting the 
interlinkage of platelets by fibrinogen and von 
Willebrand factor by inhibiting platelet glycopro- 
tein membrane receptors such as IIb/IIIa, or 
inhibiting the adhesion of platelets via the collagen 
receptor (GP Ia) or von Willebrand factor (GP Ib 
and GP IIb/IIIa) (Gold HK: Personal commu- 
nication). A disadvantage of antibodies to GP 
IIb/IIIa platelet membrane receptor is that hep- 
arin must be used with it in cases of high thrombo- 
genicity such as deeply injured artery, and it does 
not appear to be effective at low shear rates.” 
However, specific thrombin inhibition with hirudin 
appears most promising because it can totally 
prevent mural thrombosis after deep arterial injury 
and limit platelet deposition to a single layer. It is 
also effective at both low and high shear rates.7”>* 
Studies in our laboratory show that stopping hiru- 
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din 15 to 20 minutes after deep arterial injury 
results in a return of thrombus and large numbers 
of platelets when animals are sacrificed 48 hours 
later. 

Thus, before proceeding to large clinical trials, 
it is necessary to determine in animals and humans 
the proper duration of therapy for prevention of 
thrombosis after deep injury, the duration of ther- 
apy for the treatment of preexisting thrombus (the 
duration necessary to complete endogenous lysis), 
and the dose-response for prevention of platelet- 
rich thrombus in humans. To ensure patient safety, 
prevent unnecessary human trials, and avoid wast- 
ing millions of dollars, the above questions for 
hirudin alone need to be answered prior to combin- 
ing hirudin with a lytic agent in human studies of 
acute myocardial infarction. 

The current approach for the treatment of 
unstable angina should involve prevention of growth 
of thrombus so as to prevent myocardial infarction, 
death, and recurrent ischemia. Total inhibition of 
thrombosis should encourage endogenous lysis of 
the residual mural thrombus. In the future this will 
probably best be accomplished with specific throm- 
bin inhibition, but currently intravenous heparin 
(100 U/kg bolus plus infusion to prolong the 
activated partial thromboplastin time to 2-3.0 times 
control) plus platelet inhibition with aspirin (160 
mg loading dose, then 80 mg daily) appears to be 
the optimal therapy for this high-risk thrombotic 
problem.” Heparin should be administered for at 
least 3 to 4 days prior to coronary angiography in 
order to decrease the complications of percutane- 
ous transluminal coronary angioplasty.” In pa- 
tients treated medically, the heparin should be 
switched to warfarin and continued for approxi- 
mately 3 months along with aspirin 80 mg daily for 
maximal antithrombotic effectiveness. Nitrates and 
calcium antagonists may also be combined in order 
to prevent coronary vasoconstriction or spasm, 
which is associated with acute arterial injury and 
can increase shear forces and platelet deposition. 

With effective antithrombotic therapy, patients 
with unstable angina may be treated medically 
without routine urgent coronary angiography. If 
there is no recurrence of symptoms on medical 
therapy, a predismissal exercise test may be done 
to look for residual ischemia. If there is no is- 
chemia at a low work load, patients may be 
continued on medical antithrombotic therapy and 
appropriate vasodilators to allow endogenous lysis 
of residual mural thrombus. Thus, effective an- 
tithrombotic therapy may ultimately decrease the 
need for revascularization procedures that are 


currently done in approximately 50% of patients 
with unstable angina. There does not appear to be 
good rationale for thrombolytic therapy in patients 
with unstable angina since emergency salvage of 
myocardium is not an issue in unstable angina and 
thrombolytic therapy carries a small but finite risk 
of cerebral bleeding. Endogenous lysis of mural 
thrombus can probably be accomplished with effec- 
tive antithrombotic therapy, which totally prevents 
progression of thrombus and thus encourages en- 
dogenous lysis. 
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Mechanisms of Platelet Activation: 
Thromboxane A, as an Amplifying Signal for 
Other Agonists 


Garret A. FitzGerald, MD 


Thromboxane (Tx) A, is a product of cyclooxygen- 


ase catalyzed metabolism of arachidonic acid. It 
is formed via prostaglandin (PG) endoperoxide 
intermediates (PGG, and PGH,) by a specific syn- 
thase. PGH, appears to exert the same biologic 
effects as TxA... The cDNA for a TxA, receptor has 


6 been cloned from a human placental library. Al- 


though pharmacologic and biochemical studies 
suggest the presence of multiple isoforms, this 
remains to be confirmed at the molecular level. A 
hydropathy plot of the deduced amino acid se- 
quence of the available clone suggests that it 
has 7 transmembrane spanning domains, typical 
of a G protein linked receptor. Pharmacologic 
studies imply that Tx receptors in platelets are 
linked to phospholipase C activation via pertus- 
sis toxin insensitive G proteins. Candidates in- 
clude the 42 kD G, and the 60 kD G,. TxA, acts as 
an amplifying signal for platelet agonists and the 
response to this eicosanoid is tightly regulated. 
Mechanisms include rapid hydrolysis of the ago- 
nist to the inactive TxB,, autoinactivation of Tx 
_ synthase, rapid homologous TxA, receptor desen- 
sitization due to receptor-G protein uncoupling, 
coincidental sensitization to counterregulatory 
Gs linked receptor systems and stimulation of 
prostacyclin formation by TxA... Due to its role as 
an amplification signal in platelet activation, inhi- 
bition of Tx synthesis and action is an effective 
mechanism for preventing platelet-dependent 
vascular occlusion. Aspirin is of proven efficacy in 
this regard. Tx synthase inhibitors and antago- 
nists are under clinical investigation. 

(Am J Cardiol 1991;68:118-—15B) 
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hromboxane (Tx) A, is the predominant 
"| ‘etoszenac product formed from arachi- 

donic acid (AA) in human platelets.’ AA is 
mobilized from platelet membranes by phospholi- 
pases; it is thought that direct phospholipase A,- 
catalyzed release represents the predominant mech- 
anism by which this occurs during the process of 
platelet activation.” TxA, is neither stored in plate- 
lets, nor formed in the absence of activation. 
However, it is synthesized in response to platelet 
activation by a wide variety of receptor-dependent 
and -independent platelet agonists.’ In this re- 
spect, it resembles serotonin, which like TxA,, 
itself activates platelets and causes vasoconstric- 
tion. Thus, both compounds act as amplifying 
signals for more potent platelet activators, such as 
thrombin, collagen, adenosine diphosphate and 
platelet activating factor in vitro (Figure 1). These 
agonists possess the capability of activating plate- 
lets directly. The time course of TxA, formation at 
the site of vascular injury in humans corresponds to 
the phase of platelet-platelet interaction, which 
occurs subsequent to deposition of the platelet 
monolayer on the exposed subendothelium.* 

The most convincing evidence for the functional 
importance of TxA, in precipitating platelet- 
dependent coronary vascular occlusion in unstable 
vascular disease is provided by the efficacy of 
aspirin” in reducing the incidence of myocardial 
infarction and death in such patients. Aspirin 
inhibits platelet cyclooxygenase activity, first by 
binding reversibly to the active site of the enzyme 
prostaglandin (PG) G/H synthase’’ and then by 
rendering its interaction irreversible by acetylating 
Ser*”’."’ Deletion mutant analysis of the ram semi- 
nal vesicle PGG/H synthase suggests that enzyme 
inhibition results from stearic hinderance by the 
presence of the bulky acetyl group close to, rather 
than within, the active site.” We have recently 
cloned the enzyme from human platelets” and con- 
firmed these latter results. Although other mecha- 
nisms of action have been proposed to explain the 
efficacy of aspirin in the treatment of cardiovascu- 
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FIGURE 1. A wide variety of aggregating stimull, including 
thrombin, adenosine diphosphate and platelet activating 
factor stimulate the release of platelet arachidonic acid 
(AA) and its metabolism to thromboxane (TX) A, via the en- 
doperoxide intermediate, prostaglandin (PG) H,. Both 
PGH, and TXA, act at platelet receptors to amplify further 
the aggregation response (1). Both PGH, and TXA, activate 
receptor isoforms in vascular smooth muscle to mediate 
vasoconstriction. During pharmacologic blockade of 
platelet TX synthase, accumulated PGH, may increase 


prostacyclin (PGI) synthesis by mobilizing vascular AA (2) 
and by providing substrate directly for vascular PGI, syn- 
thase (3). Both TX synthase inhibitors and receptor antag- 
onists, alone and in combination, are undergoing clinical 
evaluation. 


lar disease, biochemical and pharmacologic stud- 
ies of aspirin in humans have been entirely explica- 
ble in terms of TxA, inhibition." The most recent 
overview of secondary prevention trials performed 
by the Antiplatelet Trialist’s Group (Oxford, 1990) 
suggests that aspirin reduces the combined inci- 
dence of stroke, myocardial infarction and vascular 
death by about 25% in such patients. 

The doses of aspirin that have been used in 
clinical trials are not biochemically selective for 
TxA,. Thus, long-term administration of even the 
lowest dose, 75 mg daily in the RISK study,’ is 
associated with significant impairment of prostacy- 
clin biosynthesis. ™™" Although it is surprising that 
such a theoretically imperfect intervention against 
just one of the recognized pathways of platelet 
activation should yield results detectable by so 
crude a measure as a Clinical trial, this may reflect 
the amplifying role that TxA plays in the process of 
platelet activation. 

The place of aspirin in the primary prevention 
of cardiovascular disease is much more ambiguous, 
given the surprisingly low incidence of end points 
in the placebo-treated group of the only controlled 
study’? and doubts about the magnitude of the ben- 
efit, relative to risk, in such a healthy population.” 


BIOSYNTHESIS OF THROMBOXANE A, 
AA is a ubiquitous constituent of the phospho- 
lipid domain of cell membranes. Most cells possess 








PGG/H synthase and its gene is localized on 
chromosome 9. Recently, a second PGG/H 
synthase-like gene has been cloned. Mitogenic 
stimulation of cells by transfection with the onco- 
gene src is associated with the splicing of an intron 
that separates the signal peptide from the rest of 
the protein and a marked increase in mRNA levels 
for the splice variant.” mRNAs for both forms of 
PGG/H synthase have recently been demonstrated 
in vascular endothelial and smooth muscle cells 
(Hia T: unpublished 1991). The function of this 
second enzyme and its potential role in atherogen- 
esis remains to be clarified. 

Cellular specificity for TxA, formation is lent by 
the more restricted distribution of TxA, synthase.” 
The predominant cellular sources are platelets, 
macrophages and glomerular mesangial cells. Phar- 
macologic studies raise the possibility of tissue- 
specific isozymes,” although none of these en- 
zymes has been cloned. Platelets are a particular 
case, because, lacking a nucleus, their ability to 
form TxA, is irreversibly inhibited after aspirin 
exposure.” Advantage was taken of this particular 
property to demonstrate that roughly 80% of the 
excretion of the major urinary TxA, metabolites, 
2,3-dinor-TxB, and 11-dehydro-TxB,, derive from 
platelets under physiologic conditions in humans.” 
If TxA, formation is increased at another site, its 
relative contribution would be expected to in- 
crease.” Nevertheless, striking, transient eleva- 
tions in excretion of these metabolites have been 
observed during ischemic episodes in patients with 
unstable coronary artery disease” and following 
therapeutic thrombolysis in animal models” and 
in humans.” 


MECHANISM OF ACTION OF THROMBOXANE A, 
TXA, causes platelet activation via specific 
binding sites that have been identified using multi- 
ple agonist and antagonist ligands.” Receptor 
activation of phospholipase C, resulting in inositol 
phosphate turnover, an increase in intracellular 
calcium and activation of protein kinase C accom- 
panies agonist-induced platelet aggregation.” Short 
of information at the molecular level, studies of 
hierarchies of receptor ligands suggest the similar- 
ity of the TxA, receptor in human, canine and rat 
platelets, but remain ambiguous.**’’ For example, 
the agonist ligand, U46619, which induces platelet 
shape change and aggregation in human platelets, 
often requires priming with subthreshold concen- 
trations of other agonists to cause these responses 
in canine platelets and evokes only the shape 
change in rat platelets. The PG endoperoxide 
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precursor of TxA,, PGH,, shares its biologic prop- 
erties and is thought to act at a shared receptor.” 

Recent evidence, obtained with the ligands 
I-BOP and GR 32191, suggests that there is more 
than one form of the PGH,/TxA, receptor in 
human platelets.”® Indeed, GR 32191 binds irre- 
versibly to the site (GR,,,) that mediates phospholi- 
pase C activation and aggregation, but reversibly 
(GR,) to the site that mediates agonist-evoked 
platelet shape change and the majority of the 
increase in intracellular calcium. It is unknown 
whether these sites represent distinct receptor 
isoforms rather than varied degrees of posttransla- 
tional modification and whether they differ in their 
affinity for TxA, and PGH,. The recent cloning of a 
PGH/TxA, receptor from a human placental li- 
brary should initiate the clarification of eicosanoid 
receptor classification.” 

There is reason to presume that tissue-specific 
isoforms of the PGH,/TxA, receptor exist. Al- 
though to some extent disputed,*** most studies of 
ligand hierarchies comparing vascular smooth mus- 
cle cells and platelets suggest such a distinction.*” 
Although some of these studies were across spe- 
cies, more recent studies’’” confirm such a distinc- 
tion within species. Thus, GR32191 dissociates 
rapidly from vascular smooth muscle cells and 
competes reversibly with agonist-induced contrac- 
tion of both rat and human vascular smooth muscle 
cells, in contrast to its irreversible inhibition of 
agonist-induced human platelet aggregation. Simi- 
larly, platelet-activating factor, which heterolo- 
gously regulates the GR,,,, but not the GR platelet 
receptor,” does not desensitize PHG,/TxA,-evoked 
increases in intracellular calcium in vascular smooth 
` muscle cells.*° Clearly, any definitive nomenclature 
for these receptor subtypes, or indeed prostaglan- 
din receptors in general,” awaits provision of 
further information on their primary sequence or 
sequences. 


REGULATION OF THE RESPONSE OF HUMAN 
PLATELETS TO PROSTAGLANDIN 
H,/THROMBOXANE A, 

If TxA, plays such an amplifying role in the 
process of platelet activation, one would anticipate 
that the response to this agonist would be tightly 
regulated. One such mechanism, recently de- 
scribed, is suicide inactivation of the TxA, syn- 
thase. Thus, as substrate is consumed to generate 
_ product, the enzyme is progressively inhibited. It 
has been proposed that such covalently modified 
enzyme might serve as a marker of prior TxA, 
generation and provide an integrated index of 





platelet activation, in much the same way as hemo- 
globin A, is used to reflect control of blood 
glucose.” 

A second mechanism by which the response to 
receptor-dependent stimuli is regulated is by homol- 
ogous desensitization.” The kinetics of such desen- 
sitization are rapid (t,,, approximately 2 minutes) 
and involve initial uncoupling of PGH,/TxA, recep- 
tors from G proteins that couple them to phospho- 
lipase C.” Prolonged exposure to agonist results in 
progressive loss of binding sites from the cell 
surface. A similar process is observed in vascular 
smooth muscle cells.* Both PGH,/TxA,-induced 
platelet shape change and aggregation are heterol- 
ogously desensitized by thrombin, whereas only the 
ageregation response is desensitized by platelet- 
activating factor.” Protein kinase C appears to play 
only a marginal role in the process of homologous 
desensitization. 

A third mechanism by which the response to 
PGH,/TxA, receptor stimulation is regulated is by 
sensitization of platelet adenylate cyclase stimula- 
tion. Thus, in platelets desensitized with U46619, 
stimulation of adenylate cyclase, either directly by 
forskolin or indirectly through receptors coupled 
to the stimulatory G protein, G,, is enhanced.“ 
This might have particular biologic relevance given 
the stimulation by PGH,/TxA, analogues of endo- 
thelial release of prostacyclin” and the coinciden- 
tal increase in biosynthesis of both eicosanoids in 
syndromes of platelet activation and vascular occlu- 
sion.” Interestingly, these observations were not 
made when platelets were desensitized with either 
platelet-activating factor or thrombin. These ago- 
nists differ from PGH,/TxA, in the nature of the G 
proteins that couple them to phospholipase C and 
in exerting negative regulatory control on adeny- 
late cyclase via G; Platelet PGH,/TxA, recep- 
tors have been shown recently to couple to the 
pertussis toxin insensitive 42 kD protein G,” as 
well as to a novel 60 kD G protein G,.” Such cross 
talk between the phospholipase C and adenylate 
cyclase signaling systems may reflect coordinate 
regulation of their respective G protein message 
levels” or G protein subunit rearrangement.” 


THERAPEUTIC DEVELOPMENTS 

The success of aspirin in preventing cardiovascu- 
lar fatalities has both solved a problem and created 
a new one: the disincentive that a cheap and 
effective remedy presents for the clinical develop- 
ment of theoretically more promising interven- 
tions.” Biochemically, more selective modes of 
inhibiting either TxA, synthesis or action have 
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been developed (Figure 1) and shown to be effica- 
cious in animal models of coronary occlusion, both 
alone” ® and in combination.“ However, large 
trials with either synthase inhibitors or receptor 
antagonists have not been published at the time of 
writing, although promising results have been ob- 
tained in humans in small studies of patients with 
renal disease.” 

Another approach to the issue of biochemical 
selectivity has been to determine the rate of aspirin 
delivery from a matrix formulation that will confine 
its action to the presystemic circulation,” thereby 
limiting exposure of endothelial cell cyclooxygen- 
ase to aspirin.” Such a controlled release prepara- 
tion has been developed and shown to cause a 
minor decrement in prostacyclin synthesis when 
administered chronically.” However, it appears 
that this results from inhibition of the cyclooxygen- 
ase in the presystemic vasculature, since the in- 
crease in prostacyclin synthesis evoked by systemic 
infusion of bradykinin is unimpaired by the con- 
trolled release preparation, but depressed signifi- 
cantly by the same dosage provided in a regular 
formulation.” This compound will likely provide a 
cheap and convenient tool with which to address 
the importance of biochemical selectivity. 

In conclusion, TXA, is an evanescent lipid 
mediator released from activated platelets that 
amplifies the response to more potent platelet 
agonists. Such a role probably facilitates the detec- 
tion of an effect of TxA, blockade in clinical trials 
and implies that the process of TxA,-dependent 
platelet activation would be both rapidly and tightly 
regulated. Suicide inactivation of TxA, synthase, 
homologous desensitization due to receptor—G 
protein uncoupling and postreceptor sensitization 
of platelet adenylate cyclase provide three mecha- 
nisms by which such regulation occurs in human 
platelets. It is probable that tissue-specific isoforms 
of PGH,/TxA, receptors exist and that at least 2 
functionally distinct forms exist in human platelets. 

The clinical efficacy of aspirin has slowed the 
development of theoretically superior drugs. Stud- 
ies in animal models” suggest that the therapy of 
occlusive coronary vascular disease may involve a 
combination of approaches, directed at distinct 
mechanisms of activation of platelets and the 
soluble coagulation cascade.” 
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The Elusive Cause of Instability in 
Unstable Angina 


Attilio Maseri, FRCP and Filippo Crea, MD 


The causes of unstable angina are still largely 
unknown. However, some facts deriving from an- 
giographic, postmortem, and pathophysiologic 
studies are well established. Angiographic find- 
ings: coronary thrombi and complicated stenoses 
are more frequent in unstable than in stable an- 
gina. Conversely, the severity of coronary athero- 
sclerosis and the development of collateral circu- 
lation is similar in both coronary syndromes. 
Postmortem findings: the following features are 
more frequent in unstable than in stable angina: 
(1) mural thrombi, which often represent out- 
growth from the inside of a fissured plaque; (2) 
inflammatory cells at the site of plaques and in 
perivascular nerves; and (3) contraction bands in 
smooth muscle cells of the media surrounding 
plaques. However, fissured plaques can be found 
in 10% of individuals dying of noncardiac causes, 
and fissured plaque may occasionally be missing 
under the coronary thrombus in unstable angina. 
Pathophysiologic findings: patients with unstable 
angina compared with those with stable angina 
exhibit: (1) higher levels of serotonin in the coro- 
nary sinus; (2) higher systemic levels of fibrino- 
peptide A; (3) higher urinary levels of thrombox- 
ane A, metabolites; and (4) a greater coronary 
reactivity to constrictor stimuli. A critical analysis 
of these established facts is required to set the 
stage for a better comprehension of the causes 
which can cause a coronary segment to progress 
in a stuttering way toward acute persistent coro- 
nary occlusion and myocardial infarction. Plaque 
fissure is likely to be an important background 
thrombogenic stimulus in many cases. However, 
it does not explain the stuttering evolution of cor- 
onary thrombosis, which, instead, might be due 
to: (1) additional, yet unidentified local thrombo- 
genic stimuli; (2) transient modifications of the 
systemic hemostatic equilibrium toward throm- 
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bosis; and (3) transient episodes of local or distal 
vasoconstriction resulting in stagnation, a strong 
thrombogenic stimulus. The simultaneous pres- 
ence, in some patients, of two or more of these 
mechanisms might determine the evolution to- 
ward irreversible occlusion. Until more precise 
information becomes available, it will not be pos- 
sible to formulate a single pathogenetic hypothe- 
sis, since the causes of instability might be dif- 
ferent in different patients. For the time being, 
medical treatment of unstable angina remains 
less than optimal because, to prevent occa- 
sional, local thrombosis and vasoconstriction, a 
persistent, systemic modification of the hemo- 
static equilibrium and vasomotor tone must be 
acitieved. 

(Am J Cardiol 1991;68:16B—21B) 


ecent onset and sudden worsening of an- 
Re« represent unstable phases of ischemic 

heart disease characterized by a more 
severe, short-term prognosis than chronic stable 
phases. Acute myocardial infarction is also often 
preceded by a short phase of instability lasting 24 
to 48 hours and characterized by episodes of 
angina at rest. 

In unstable angina the addition of aspirin and 
heparin to conventional antiischemic treatment 
has been shown to improve prognosis, but the 
effects of thrombolysis remain controversial (see 
other articles in this symposium). Further major 
improvements in medical therapy require a better 
understanding of the causes of instability, which 
are likely to be complex. 

In order to set the stage for the formulation of a 
pathogenetic hypothesis compatible with estab- 
lished facts, it is useful to review the more salient 
clinical, angiographic, and postmortem features of 
the syndrome as well as pertinent pathophysiologic 
observations. 


CLINICAL FEATURES 
The 2 most remarkable features of the syn- 
drome of unstable angina are its sudden onset or 
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deterioration and the stuttering recurrence of isch- 
emic episodes over a period of days and weeks, 
which either culminate in myocardial infarction or 
wane into a stable or even quiescent phase. 

The variability of the possible clinical presenta- 
tion of the syndrome is underlined by the clinical 
classification recently proposed by Braunwald.’ 
However, those patients requiring admission to the 
coronary care unit because of the severity and 
persistence of their symptoms, present with recur- 
rent episodes of ischemia at rest, which are often 
long lasting and not usually caused by increased 
cardiac work, but by a sudden impairment of 
coronary blood flow.*” Anginal attacks can some- 
times, but not always, be promptly interrupted by 
the acute administration of nitrates. Occasionally, 
the number of ischemic episodes is reduced by 
either the infusion of nitrates or the administration 
of high doses of calcium antagonists, a clue to a 
vasoconstrictive component. Conversely, some pa- 
tients present with a sudden reduction of effort 
tolerance, usually following a prolonged episode of 
angina at rest, a pattern consistent with the sudden 
development of a critical, persistent thrombotic 
coronary stenosis. The most important detectable 
clinical predictors of the evolution toward infarc- 
tion are the persistence or increase in the number 
and duration of ischemic episodes, despite full 
medical therapy. 

Thus, the clinical features of unstable angina 
suggest that the instability is related to the sudden 
appearance and the unpredictable waxing and 
waning of ischemic stimuli over a period of days or 
weeks, sometimes associated with the development 
of persistent critical thrombotic coronary stenoses. 
At times, these occasional ischemic stimuli are so 
strong that the recurrence of ischemic episodes 
and the evolution toward infarction cannot be pre- 
vented by maximal antiischemic therapy, including 
calcium antagonists, intravenous nitrates, B block- 
ers, aspirin, heparin and thrombolytic agents.°* 


ANGIOGRAPHIC FEATURES 

The most obvious distinctive angiographic 
and angioscopic" features of the syndrome, com- 
pared with stable angina, are the frequent detec- 
tion of fresh thrombi at the site of the culprit 
lesion. Thrombi are more often detected when 
angiography is performed soon after an anginal 
episode than when performed some days after 
symptoms have waned. Further, even in the ab- 
sence of detectable intracoronary thrombus, the 
borders of the culprit lesion appear more often 
irregular than in classic stable angina.’ In contrast, 


9,10 


the severity of coronary stenoses is not significantly 
different from that encountered in patients with 
chronic stable angina and in about 10% of cases 
coronary angiography fails to show any significant 
lesion.” 

The transition from stable to unstable angina is 
often associated with worsening of the severity of 
coronary stenoses, but in 25% of cases no change 
can be detected in the severity of preexisting 
stenoses.” In addition, the return to a stable or 
asymptomatic phase cannot be attributed to a 
detectable development of collaterals. Finally, 
the severity of coronary lesions does not appear to 
be a major determinant in the failure to respond to 
full medical therapy.° This observation is in keep- 
ing with recent reports showing that the residual 
culprit coronary stenosis post-thrombolysis in acute 
myocardial infarction is often mild" and with 
other reports that the site of occlusive thrombosis 
causing infarction cannot be predicted from prein- 
farction angiograms, since occlusion can occur at 
the site of mild stenoses, whereas severe stenosis 
may remain unchanged.'”" 

Thus, the angiographic features of unstable 
angina document that ischemic stimuli frequently, 
though not invariably, have a dynamic component 
of coronary thrombosis that is often superimposed 
onto irregular stenoses. They also indicate that the 
development and unfavorable evolution of this 
dynamic process and the failure to respond to 
medical therapy are not necessarily due to the 
presence of severe coronary stenoses. 


POSTMORTEM FINDINGS 

The postmortem examination provides informa- 
tion on the findings at 1 particular point in time in 
patients who had had such a severe form of the 
disease that it caused death and it only documents 
events that leave a histologic trace. In unstable 
patients who have died, the most striking and 
distinctive postmortem feature of the syndrome 
compared to chronic stable angina is the frequent 
presence of nonocclusive, mural coronary thrombi 
at the site of atherosclerotic plaques, occasionally 
with distal vessel embolization.'’”’ Mural thrombi 
are composed of platelets and fibrin and often 
represent outgrowths from the inside of an under- 
lying fissured plaque. It is important to note that: 
(1) thrombi are often composed of layers of dif- 
ferent ages, which is indicative of thrombosis devel- 
oping on separate occasions at intervals of days or 
weeks; (2) occasionally, no intimal lesions can be 
identified under the thrombus; and (3) occasionally 
no thrombus can be found. Conversely, small 
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plaque fissures with intraintimal platelet thrombi 
can be found in about 10% of individuals dying of 
noncardiac causes and in a much higher percent- 
age of individuals with hypercholesterolemia, hyper- 
tension and diabetes.” 

Additional distinctive features are represented 
by the significantly more frequent findings, com- 
pared with stable angina, of: (1) inflammatory cells 
at the site of plaques and in perivascular nerves”; 
and (2) contraction bands in smooth muscle cells of 
the media surrounding plaques.” 

Thus, postmortem findings indicate that: (1) the 
severity of coronary atherosclerosis on average is 
similar to that found in stable patients; (2) recur- 
ring ischemic stimuli may be associated with recur- 
rent, separate episodes of nonocclusive thrombosis 
at the same coronary artery site; and (3) plaque 
fissure by itself cannot be considered the only 
cause of instability. However, the limitation of 
postmortem observations is represented by the 
inability to reveal fully the dynamic process respon- 
sible for the recurrence of ischemic episodes at 
intervals of hours, days or weeks. 


PATHOPHYSIOLOGIC OBSERVATIONS 
Assessment of both residual coronary flow re- 
serve and ischemic threshold by pacing-induced 
tachycardia suggests that ischemic episodes, with 
or without pain, are most likely caused by transient 
impairment of coronary blood flow.” Coronary 
sinus sampling has revealed increased levels of 
serotonin, which is suggestive of an ongoing intra- 
coronary platelet activation.” Measurements of 
urinary metabolites of thromboxane A, have indi- 
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cated the presence of an intense episodic platelet 
activation.””’ Measurements of systemic levels of 
fibrinopeptide A have shown higher values than in 
stable angina, which is suggestive of an ongoing 
thrombin activation.” Ergonovine injection causes 
occlusive spasm much more often than in patients 
with stable angina (38% vs 4%), a difference 
similar to that observed in patients with recent 
infarction compared with patients with old infarc- 
tion (20% vs 6%).” 

Although, the formation of fibrin-platelet 
thrombi is quite common in unstable patients, its 
relation to ischemic episodes and the evolution of 
the disease seems complex.” In particular, the 
relation between platelet activation, as judged 
from thromboxane A, metabolite concentration in 
serial urinary collections, does not appear to be 
consistently correlated with the occurrence of is- 
chemic episodes, with or without pain (Figures 1 
and 2). The intensity of platelet activation is often 
much greater than that observed during angio- 
plasty. Intense platelet activation can occur during 
periods free from painful or painless detectable 
ischemic attacks and, conversely, episodes of pain- 
ful and painless myocardial ischemia can occur in 
the absence of increased urinary excretion of 
thromboxane metabolites. Platelet aggregation, 
thrombosis, and coronary vasoconstriction are 
linked in a vicious cycle that could lead to blood 
stasis and occlusive irreversible red thrombus for- 
mation.” Serotonin, a substance released by acti- 
vated platelets, was recently shown to produce 
occlusive spasm in patients with variant angina and 
ischemia due to distal vessel constriction in pa- 


FIGURE 1. Urinary 11-dehydro-throm- 
boxane (TX) B, in patients with unstable 
angina treated with Isosorbide dinitrate 
and diltiazem. The distribution of indi- 
vidual metabolite measurements, per- 
formed in successive 6- to 8-hour urine 
collections, is shown for the whole 
group and in relation to clinical or elec- 
trocardiographic changes recorded dur- 
ing the same collection periods. The 
broken line represents 2 standard devi- 
ations of control measurements. (Re- 
printed with permission from Thromb 
Haemost.”’) 
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tients with chronic stable angina.” In turn, occlu- 
sive coronary spasm and distal blood stagnation 
_ were shown to cause a transient severalfold in- 
crease of fibrinopeptide A in systemic blood.» 
Serotonin together with thromboxane A, and 
thrombin could represent the chemical mediator 
responsible for the generation of this vicious cycle.” 


THE QUEST FOR A PATHOGENETIC 
HYPOTHESIS 

A pathogenetic hypothesis on the mechanisms 
of instability must account for the recurrent, unpre- 
dictable waxing and waning of episodes of transient 
impairment of regional coronary blood flow over a 
period of days or weeks. A segmental epicardial 
coronary alteration must be postulated in order to 
account for the localization of the thrombus at one 
, particular site in the arterial wall. Plaque fissure, 
. when present, is likely to play a critical role in this 
respect. Alternatively, local endothelial activation 
could be sufficient in other cases.” However, a 
deeply ruptured, highly thrombogenic plaque 
should result in rapid thrombotic occlusion, as is 
observed in experimental animal models when a 
copper coil is introduced into a vessel or when an 
electrical current is passed down a guidewire. The 
stuttering evolution toward complete occlusion, 
over a period of days or weeks, suggests: (1) 
recurring local thrombogenic stimuli; (2) episodic 
modifications of systemic thrombotic-thrombolytic 
equilibrium; (3) occasional, strong coronary vaso- 
constrictor stimuli; (4) waxing and waning of coro- 
nary reactivity to constrictor stimuli in proximal or 
distal vessels; (5) a variable combination of these 
_ mechanisms. 

The failure of maximal medical therapy, includ- 
ing vasodilators, B blockers, aspirin, heparin and 
thrombolytics, to prevent the recurrence of ischemic 
episodes suggests that the ischemic stimuli can be 
quite strong.°* These stimuli are not necessarily 
related to the severity of the culprit stenosis’ and 
are certainly much stronger than those produced 
by repeated plaque rupture during percutaneous 
transluminal coronary angioplasty (PTCA) in sta- 
ble patients treated with a similar drug regimen. 
The presence of abnormally strong ischemic stim- 
uli or of an abnormal coronary response in unsta- 
ble patients is also suggested by the higher occlu- 
sion rates during PTCA compared with that in 
stable patients” and by the occasional observation 
_ during PTCA of distal vasoconstriction so severe as 
to stop coronary blood flow in the presence of 
successful dilation.” The occasional observation of 
red streaks along the course of main coronary 
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FIGURE 2. Urinary 11-dehydro-thromboxane (TX) B, In pa- 
tients with unstable angina treated with low dose aspirin. 
Same representation as in Figure 1. (Reprinted with per- 
mission from Thromb Haemost.”’) 


trunks at the time of bypass surgery in unstable 
patients” and the observation of inflammatory cells 
infiltrated into the site of plaques and in perivascu- 
lar nerves” raise the intriguing possibility that 
inflammatory stimuli might, in some cases, contrib- 
ute to the syndrome by stimulating or enhancing 
local hemostatic and vasoconstrictor responses. 

Coronary thrombosis may develop gradually in 
flowing blood or massively with blood stagnation. 
Platelet-rich thrombi can only form in flowing 
blood. The type of thrombus is determined by the 
thrombogenicity of the local stimulus, the intensity 
of the hemostatic response and by blood stasis 
caused by local or distal coronary constriction. 
Most thrombi are mural, composed of platelets and 
fibrin and, therefore, form in flowing blood usually 
but not necessarily at the site of plaque ruptures.” 
Conversely, most plaque fissures are not associated 
with significant mural thrombus.” Thus, either 
additional, yet unknown, thrombogenic stimuli or a 
coincidental excessive thrombogenic response of 
the hemostatic system should be postulated. The 
latter possibility is suggested by two observations: 
(1) the degree of platelet activation in patients with 
unstable angina is severalfold greater than that 
observed during coronary angioplasty”; and (2) 
multiple fresh thrombi can be found at different 
sites in epicardial coronary arteries at postmor- 
tem.” 

In conclusion, until more precise information 
becomes available, it will not be possible to formu- 
late a single pathogenetic hypothesis for unstable 
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angina because the causes of the instability need 
not be the same in all patients. An enhanced 
coronary reactivity to constrictor stimuli can contrib- 
ute to occlusive spasm in the presence of constric- 
tor stimuli released by activating platelets. Con- 
versely, blood stagnation consequent to occlusive 
spasm can cause thrombosis in the presence of an 
increased thrombotic tendency or decreased fibrin- 
olytic activity. It is now important to ascertain 
whether the dominant pathogenetic mechanisms 
responsible for the instability are only local or also 
systemic, and how often they are due only to 
thrombosis or also to vasoconstriction. Recurrent 
platelet-fibrin thrombus growth into the coronary 
lumen may result either from recurrent local throm- 
bogenic stimuli or from a persistent or recurrent 
systemic thrombotic tendency. Critical coronary 
vasoconstriction can occur because of intense con- 
strictor stimuli or because of an abnormal local 
hyperreactivity to even mild constrictor stimuli of 
proximal coronary arteries or distal vessels.“ 

Until these causes are more clearly understood, 
treatment remains empirical: in order to prevent 
occasional, local ischemic stimuli in the coronary 
circulation, we can only resort to the persistent 
modification of the systemic hemostatic equilib- 
rium and systemic vasomotor tone in the whole 
body. Thrombolysis in unstable angina does not 
seem to have the same rational as in acute myocar- 
dial infarction. In the latter, the immediate prob- 
lem is a fresh occlusive thrombus: its lysis can 
reestablish flow. In the former, the problem is an as 
yet unspecified unstable condition that is unlikely 
to be consistently abolished simply by lysing a 
thrombus when and if it is still present. 
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The Heart in Fatal Unstable Angina Pectoris 


William C. Roberts, mp, Amy H. Kragel, mb, S. David Gertz, MD, PhD 
Charles S. Roberts, mp, Jay M. Kalan, MD 


Compared to patients with sudden coronary 
death and acute myocardial infarction, relatively 
little morphologic data has been reported in pa- 
tients with unstable angina pectoris. This article 
reviews necropsy data collected from one labora- 
tory on unstable angina pectoris. From these 
data, several observations are appropriate: (1) 
Patients with unstable angina as a group have 
more coronary narrowing by atherosclerotic 
plaque than do patients with sudden coronary 
death or acute or healed myocardial infarction. 
(2) Patients with unstable angina have a much 
higher frequency of severe narrowing of the left 
main coronary artery than do patients in other 
coronary subsets. (3) The coronary atheroscle- 
rotic plaques in unstable angina consist primarily 
of fibrous tissue, and they are more similar to 
those found in patients with sudden coronary 
death than in patients with acute myocardial in- 
farction. (4) The frequency of acute coronary le- 
sions (thrombi, plaque rupture, and plaque hem- 
orrhage) is similar to that observed in patients 
with sudden coronary death and significantly less 
than that observed in acute myocardial infarc- 
tion. (5) The frequency of multiluminal channels 
throughout the major coronary arteries is signifi- 
cantly higher in unstable angina compared to 
sudden coronary death or acute myocardial in- 
farction. (6) The major epicardial arteries and the 
heart are smaller in patients with unstable angina 
than in patients with sudden coronary death or 
acute myocardial infarction. (7) The left ventricu- 
lar cavity is usually of normal size in patients with 
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unstable angina and therefore left ventricular 
function is usually normal. 
(Am J Cardiol 1991;68:22B-—27B) 


ost patients with severe atherosclerotic 
JM nars artery disease die suddenly 

(sudden coronary death’) from a ventric- 
ular arrhythmia or from an acute myocardial infarc- 
tion. As a consequence a great deal of information 
is available on necropsy cardiac findings in patients 
with sudden coronary death or with acute myocar- 
dial infarction. Although angina pectoris is the 
most common symptom of severe atherosclerotic 
coronary artery disease, angina pectoris is rarely 
fatal. When a person with stable angina dies during 
an anginal attack, death is usually attributed to the 
sudden development of a ventricular arrhythmia 
(sudden coronary death) and not to angina pecto- 
ris. Likewise, death during unstable angina pecto- 
ris is uncommon, and then usually when acute 
myocardial infarction supervenes or an unsuccess- 
ful invasive procedure (coronary bypass or angio- 
plasty) is performed. If acute infarction occurs, the 
patient is placed in the acute myocardial infarction 
category at necropsy; if death occurs after an 
invasive procedure, death is usually attributed to 
one or more complications of the procedure rather 
than to unstable angina per se. As a consequence, 
the amount of information available at necropsy on 
patients with isolated stable angina is minimal.’ 
More information, although still limited, is avail- 
able on necropsy findings in patients with unstable 
angina pectoris shortly before death. The data 
accumulated in the last 25 years at the Pathology 
Branch, National Heart, Lung and Blood Institute, 
on patients with unstable angina will be summa- 
rized in this article. 


AMOUNTS OF CORONARY ARTERIAL LUMINAL 
NARROWING IN UNSTABLE ANGINA 

In 1979 Roberts and Virmani’ reported necropsy 
findings in the 4 major (right, left main, left 
anterior descending, and left circumflex) epicar- 
dial coronary arteries in 22 patients with clinically- 
isolated unstable angina pectoris. ‘‘Clinically- 
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isolated” was defined as absence of clinical evidence 
at any time of acute myocardial infarction or of 
congestive cardiac failure. No patient had associ- 


ated valvular, congenital, primary myocardial, or 


pericardial heart disease. “Unstable angina” was 
defined as anterior thoracic pain of recent (<1 
month) onset or a recent change in the pattern of 
the pain in terms of frequency, severity, intensity, 
and ease of provocation. Nocturnal or rest angina 
or prolonged angina within 3 months of death was 
considered unstable. All 22 patients had an aorto- 
coronary bypass operation and each died within 7 
days of the procedure. The 22 patients ranged in 
age from 37 to 59 years (mean 48); 13 were men 
and 9 were women. The angina had been present 
periodically from 2 to 120 months (mean 18). Ten 
had had systemic hypertension (blood pressure 
> 140/90 mm Hg). 

Among the 22 patients, 85 major epicardial 


- coronary arteries were examined: 71 (81%) were 


j 


narrowed by atherosclerotic plaque occupying 
>75% of the luminal cross-sectional area in an 
average of 3.2/4.0 coronary arteries per patient. If 
the left main coronary artery was excluded, 61 
(93%) of the other 66 major coronary arteries were 
narrowed >75% in cross-sectional area by plaque, 
an average of 2.8/3.0 coronary arteries per patient. 
Of the 22 patients, 21 (95%) had 76-100% cross- 
sectional area narrowing by plaque of 2 or more 
major epicardial coronary arteries, including 10 
patients (45%) who had this degree of narrowing in 
all 4 major epicardial arteries. Only 1 patient (5%) 
had this degree of narrowing involving just 1 artery. 
Comparison of these findings to other subsets of 
coronary patients is summarized in Table I.*” 

To determine the extent of the atherosclerotic 
process in the coronary arteries, the epicardial 
arteries in each of the 22 patients were divided into 
5-mm segments and a histologic section stained by 


the Movat method was prepared from each seg- 
ment. A total of 1,049 segments 5-mm in length 
were prepared from the 85 epicardial coronary 
arteries in the 22 patients. Of them, 497 segments 
(47%) were narrowed 76-100% in cross-sectional 
area by atherosclerotic plaque; 304 segments (29%) 
were narrowed 51-75%; 129 were narrowed 26- 
50%; and 119 segments (11%) were narrowed 
0-25%. The mean percentage of 5-mm segments 
narrowed 76-100% in cross-sectional area in the 
proximal halves of the left anterior descending and 
right coronary arteries was greater than the mean 
percentage of 5-mm segments similarly narrowed 
in the distal halves of these 2 arteries. The 7 
patients aged <45 years had a higher percentage 
of 5-mm segments severely (> 75%) narrowed than 
did the 15 patients aged 46-65 years (63 + 6% vs 
41 + 6%; p <0.05). Sex, heart weight, and the 
presence or absence of a healed left ventricular 
infarct (clinically silent) did not alter the percent- 
age of segments severely narrowed. Compared 
with other subsets of coronary patients, unstable 
angina patients have by far the severest degree of 
coronary narrowing by atherosclerotic plaque (Ta- 
ble IT).*” 

In 1990 Kragel and associates’ reported necropsy 
findings in 10 patients with isolated unstable pecto- 
ris with pain at rest. In contrast to the 1979 study by 
Roberts and Virmani, the 1990 study excluded 
patients whose death occurred during or immedi- 
ately after cardiac catheterization or coronary 
bypass or angioplasty. All 10 patients died during 
or immediately after a hospital admission for 
evaluation of unstable angina and none had gross 
or microscopic evidence at necropsy of either 
transmural left ventricular necrosis or fibrosis. The 
10 patients ranged in age from 47 to 70 years (mean 
59); 9 were men. The duration of angina ranged 
from 6 weeks to 19 years. Of the 10 patients, 9 had 


TABLE | Number of Major (Right, Left Main, Left Anterior Descending and Left Circumflex) Coronary Arteries Narrowed > 75% in 
Cross-Sectional Area by Atherosclerotic Plaque in Fatal Coronary Artery Disease 


Coronary Event 


Sudden coronary death 
Acute myocardial infarction 
Healed myocardial infarction 
Asymptomatic 
Chronic CHF without aneurysm 
Left ventricular aneurysm 
Angina pectoris/unstable 


Total (%) 
Controls (%) 


64 (50) 


1 


37 (29) 
12 (13) 


11 (8) 


5 (5) 21 (23) 


CHF = congestive heart failure; CSA = cross-sectional area. 
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TABLE fi Amounts of Cross-Sectional Area Narrowing of Each 5-mm Segment of the Four Major (Right, Left Main, Left Anterior 
Descending and Left Circumflex) Epicardial Coronary Arteries by Atherosclerotic Plaque in Subjects with Fatal Coronary Artery Disease 


Mean % 
Mean No. Percentage of Segments per Occlusion Quartile Narrowing/ 
Pts Age 5-mm Mean 5-mm 

Subgroup (n) (yrs) Segments 0-25% 25-50% 51-75% 76—100% Score Segments 
Sudden coronary death 31. 47 1,564 7 23 34 36 2.98 67 
Acute myocardial infarction 27 59 1,403 5 23 38 34 3.01. .i68 
Healed myocardial infarction 

Asymptomatic 18 66 924 11 23 35 31 2.87 64 

Chronic CHF 31% 

without aneurysm 9 63 529 11 23 37 29 2./8 61 

LV aneurysm 22 61 992 4 21 42 33 3:03 . 68 
Angina pectoris 22 48 1,049 11 12 29 48 3.12: 70 
Total 129 56 6,461 8 21 36 35 2.98 67 
Controls 40 52 1,849 31 44 22 3 1,97... 32 


CHF = congestive heart failure; LV = left ventricular 


> 75% cross-sectional area narrowing by plaque of 
the left anterior descending, left circumflex, and 
right coronary arteries, and 4 patients had this 
degree of narrowing of all 4 major coronary arter- 
ies. Eight of the 10 patients had at least 1 major 
coronary artery narrowed > 95% in cross-sectional 
area by plaque. 

A total of 354 of these 5-mm segments from the 
40 major epicardial coronary arteries were exam- 
ined in the 10 patients: 32 segments (9%) were 
narrowed 96-100% in cross-sectional area by 
plaque; 114 segments (32%) were narrowed 75- 
95%; 114 segments (32%) were narrowed 51-75%; 
76 segments (22%), 26-50%, and 18 segments 
(5%) were narrowed 0-25% by plaque alone. 
Among the 10 patients, considerable range of 
severity of narrowing by plaque was observed. 
Although 41% of all 354 of the 5-mm segments 
were narrowed 76-100% by plaque, the percentage 
of segments severely narrowed per patient varied 
from 18% to 75%. 


COMPOSITION OF ATHEROSCLEROTIC 
PLAQUES IN THE EPICARDIAL CORONARY 
ARTERIES IN UNSTABLE ANGINA 

In 1990 Kragel and associates’ reported for the 
first time the composition of coronary atheroscler- 
tic plaques in a group of patients with unstable 
angina. Using the same 10 patients heretofore 
described, plaque composition in each of the 354 
Movat-stained histologic sections of coronary ar- 
tery was analyzed using a computerized morphom- 
etry system. The major component of plaque was a 
combination of dense acellular and cellular fibrous 
tissue with much smaller portions of plaque being 
composed of pultaceous debris, calcium deposits, 
and foam cells. No differences in plaque composi- 
tion were observed in specimens taken from any of 


the 4 major epicardial coronary arteries. Plaque 
composition varied as a function of the degree o 
luminal narrowing. Linear increases were observec 
in the mean percentage of dense fibrous tissuc 
(from 5% to 50%), calcific deposits (from 1% tc 
10%), pultaceous debris (from 0% to 10%), anc 
inflammatory infiltrates without significant num: 
bers of foam cells (from 0% to 5%), and a linea 
decrease was observed in the mean percentage o; 
cellular fibrous tissue (from 94% to 22%) ir 
sections narrowed 25% to > 95% in cross-sectiona 
area. Comparison of plaque composition in the 
large coronary plaques (those causing > 75% lumi 
nal narrowing) in the unstable angina patients wit 
other subsets of coronary patients is summarized ir 
Figure 1.°” 


FREQUENCY AND TYPES OF ACUTE LESIONS IN 
THE EPICARDIAL CORONARY ARTERIES IN 
UNSTABLE ANGINA 

In 1991, Kragel and associates’ reported the 
frequency and type of acute lesions in the 4 majo 
epicardial coronary arteries in 3 subsets of coro: 
nary patients, including 14 patients with unstable 
angina. Ten of the 14 patients had been included ir 
the 1990 study by Kragel and associates.’ Of the 1¢ 
patients, 13 died in the hospital and 1 died withir 
24 hours of hospital discharge. None had gross o1 
microscopic evidence of left ventricular necrosis 01 
fibrosis. In all 14 patients there was electrocardio-. 
graphic evidence of myocardial ischemia during 
the final hospital admission or chest pain at resi 
within 24 hours of death, or both. None had hac 
coronary bypass, angioplasty, or thrombolytic ther. 
apy, and none had left ventricular scars by gros; 
examination of the heart. 

Intraluminal thrombus occurred in 4 (29%) ol 
the 14 patients, in 4 (7%) of the 56 epicardia 
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FIGURE 1. Graph comparing plaque 
composition (mean percentage) in 
specimens causing > 75% cross-sec- 
tional area luminal narrowing in the pa- 
tients with unstable angina pectoris 
(UAP) to those in patients whose coro- 
nary event was sudden coronary death 
(SCD) and acute myocardial infarction 
(AMI). All patients with UAP, SCD, or AMI 
were > 40 years of age (mean 59 
years). The findings in the older pa- 
tients are compared with those of 8 
women aged 31-39 years (mean 34) 
with fatal coronary events. In all sub- 
groups, fibrous tissue was the domi- 
nant component of the large coronary 
plaques. (Reproduced with permission 
from Dollar AL, Kragel AH, Fernicola DJ, 
Waclawiw MA, and Roberts WC. Compo- 
sition of atherosclerotic plaques in cor- 
onary arteries in women < 40 years of 
age with fatal coronary artery disease 
and implications for plaque reversibil- 
ity. Am J Cardiol 1991;67:1223—1227.) 
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coronary arteries in the 14 patients, and in 11 of 
572 (2%) 5-mm segments of the 56 arteries. The 
thrombi were small, nonocclusive, and consisted 
mainly of platelets. Plaque rupture was found in 5 
(36%) of the 14 patients, including only 1 of the 4 
patients with nonocclusive thrombi, in 9 (16%) of 
the 56 coronary arteries, and in 7 of the 572 (1%) 
5-mm coronary segments. Plaque hemorrhage was 
found in 3 (21%) of the 14 patients, each of whom 
also had plaque rupture; in 15 (27%) of the 56 
coronary arteries; and in 24 (4%) of the 572 
coronary segments. Intraluminal thrombus and/or 
plaque rupture and/or plaque hemorrhage were 
found in 9 (64%) of the 14 patients. Thus, 5 (36%) 
of the 14 patients had no acute lesions. The 
frequency of thrombi, plaque rupture, and plaque 
hemorrhage was similar to that found in patients 
with sudden coronary death and significantly less 
than in acute myocardial infarction patients.” 

Multiluminal channels within coronary athero- 
sclerotic plaques were seen in all 14 patients, in 32 
(57%) of the 56 coronary arteries in the 14 pa- 
tients, and in 66 of the 572 (12%) 5-mm segments 
of the 56 coronary arteries (Figure 2). These 
channels are more frequent in unstable angina 
compared with patients with sudden coronary death 
or acute myocardial infarction." 


SIZES OF THE EPICARDIAL CORONARY 
ARTERIES IN UNSTABLE ANGINA 

In 1980, Roberts and Roberts’ reported cross- 
sectional area of the most proximal portions of the 
right, left anterior descending, and left circumflex 
coronary arteries in necropsy patients with fatal 
coronary artery disease, including 20 patients with 
clinically isolated angina pectoris who died shortly 
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after an aorto-coronary bypass operation. The 
cross-sectional area of the most proximal 5-mm 
segment of each of the 3 major coronary arteries 
(excludes left main) was determined by planimetry. 
A histologic section (Movat staining method) was 
prepared from each of the three 5-mm segments 
from each of the 3 coronary arteries from each 
patient. Each histologic section was positioned on 
the stage of a projection-light microscope that 
magnified the image 650 times. The circumference 
of the internal elastic membrane was then traced 
on paper. Each tracing was placed under a focused 
camera, passed through an electronic integrator, 
and displayed on a television monitor. The analog 
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FIGURE 2. Photomicrograph of section of left circumflex 
coronary artery in a patient with unstable angina pectoris 
showing multiluminal channels within the fibrous plaque. 
These muitiluminal channels are significantly more fre- 
quent in the sections of 5-mm segments of the major epl- 
cardial coronary arteries compared to patients with fatal 
acute myocardial infarction or sudden coronary death. 
Movat stain, x30. 
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output voltages of the video planimeters, cali- 
brated on a grid system, provided on-line measure- 
ments of the cross-sectional area. The area of each 
artery enclosed by the internal elastic membrane 
provided by the videoplanimetry was converted to 
the actual area. 

The mean cross-sectional area of each of the 60 
arteries in the 20 patients with angina pectoris was 
6.2 mm’. These were the smallest arteries of any of 
the coronary subsets studied. In contrast, the mean 
cross-sectional area of each of the 3 arteries in 23 
patients with acute myocardial infarction was 7.6 
mm’; in 19 patients with sudden coronary death, 
7.7 mm’; and in 18 patients with ischemic cardiomy- 
opathy (chronic congestive heart failure with healed 
myocardial infarction), 8.6 mm’. The mean size in 
31 cancer control subjects was 5.0 mm’ and in 15 
patients with aortic valve disease, 9.6 mm’. 

The differences in cross-sectional area of the 
coronary arteries among the coronary subsets and 
between and among the control subjects was due 
primarily to differences in heart weight. The angina 
pectoris group had the smallest hearts (mean 386 
g) and the ischemic cardiomyopathy subgroup had 
the largest hearts (mean 588 g). The acute myocar- 
dial infarction and sudden coronary death sub- 
groups were intermediate. The cancer control 
subjects had the smallest coronary arteries and the 
smallest hearts (mean 309 g) and the aortic valve 
control subjects had the largest coronary arteries 
and the largest hearts (mean 703 g). When the 
heart weights in the coronary subgroups and in the 
2 control groups were equalized by using the same 
regression coefficient, no significant differences 
were present among the mean values of cross- 
sectional area of the coronary arteries. 


SIGNIFICANCE OF CARDIAC WEIGHT IN 
PATIENTS HAVING CORONARY ARTERY BYPASS 
GRAFTING FOR ANGINA PECTORIS 

Kalan and Roberts” in 1988 reported cardiac 
weight at necropsy in 211 patients who had isolated 
coronary artery bypass grafting (coronary bypass) 
for angina pectoris. They sought the relation of 
heart weight to early (<60 days) and late (> 60 
days) death after coronary bypass. Cases selected 
for study included only patients who had coronary 
bypass because of angina pectoris. Patients having 
coronary bypass within 2 months of acute myocar- 
dial infarction were excluded. The 121 patients 
dying early had a lower mean heart weight than did 
the 90 patients dying late (444 + 94 vs 498 + 107 g; 
p <0.001). The mean heart weight of the 85 men 
dying early was less than that of the 75 men dying 





late (472 vs 506 g; p <0.05), and the mean heart 
weight of the 36 women dying early was less than 
that of the 15 women dying late (377 vs 459 g; 
p <0.005). Most patients with hearts of normal 
weight were in the early death group: of the 17 
women with hearts of normal weight (<350 g), 16 
(94%) died early (p <0.01), and of the 34 men with 
hearts of normal weight (<400 g), 21 (62%) died 
early (difference not significant). Conversely, most 
patients in the late death group had hearts of 
increased weight: of the 15 women dying late, 14 
(93%) had hearts of increased weight, and of the 
75 men dying late, 62 (83%) had hearts of in- 
creased weight. The mean cardiac weight of the 
125 patients with left ventricular scars was larger 
than that of the 86 patients without scars (492 vs 
432 g; p <0.01), and these differences were ob- 
served within each sex and in both early (463 vs 425 
g) and late (520 vs 448 g) death groups. This study 
suggests that patients with normal or near normal 
sized hearts have a higher early mortality after 
coronary bypass than do persons with hearts of 
increased weight. 


THE LEFT VENTRICLE IN UNSTABLE ANGINA 

Roberts" in 1976 described morphologic fea- 
tures of the left ventricle in 22 patients with 
unstable and in 5 patients with stable angina. 
These 27 patients included 3 patients who had fatal 
cardiac arrest during cardiac catheterization and 
24 patients who had an operative procedure to 
relieve myocardial ischemia (coronary bypass = 21 
patients; carotid—sinus stimulator = 2 patients; and 
Vineburg procedure = 1 patient). Patients who 
had had clinical evidence of acute myocardial 
infarction, congestive heart failure, or nonfatal 
cardiac arrest before cardiac catheterization or 
surgery were excluded. The 27 patients ranged in 
age from 39 to 67 years (mean 50). Eleven patients 
(41%) had had systemic hypertension. The cardiac 
silhouette by chest radiograph was within normal 
limits in all 27 patients, and none had electrocardio- 
graphic criteria compatible with left ventricular 
hypertrophy. 

The hearts ranged in weight from 320 to 520 g 
(mean 407); for the 6 women, 320-480 g (mean 
375) and for the 21 men, 330-520 g (mean 417). 
The weight of the heart was normal (<350 g in 
women; <400 g in men) in 15 patients (56%) and 
increased in 12 patients (44%). The average in- 
crease above the upper limit of normal for the 
latter 12 patients was 19%. The hearts of the 5 men 
with stable angina weighed 350-475 g (mean 393) 
and those of the 16 men with unstable angina, 
350-520 g (mean 424). 
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The left ventricular cavity was of normal size in 
26 (96%) of the 27 patients. Grossly visible left 
ventricular wall scars (excluding those limited to 
papillary muscle) were present in 14 patients (52%), 
4 of the 5 with stable, and 10 of the 22 patients with 
unstable angina. In only 4 of the 14 patients was the 
scarring transmural, i.e., involving all of the inner 
one half of the wall and all or a portion of the outer 
one half of the wall. The scars in all 14 patients 
were small, involving <20% of the circumference 
of a transverse section of left ventricle, and none 
extended >2 cm in length on the apical—basal 
longitudinal dimension. In none of the 14 patients 
did the scarring appear to result in thinning of the 
myocardial wall. 

Foci of myocardial necrosis were present in the 
left ventricular wall or ventricular septum in 4 
(15%) of the 27 patients. The foci were visible 
grossly (and confirmed histologically) in 3 patients 
and visible by histologic study only in the fourth 
patient. The acute infarcts were transmural in 2 
patients and entirely subendocardial (limited to 
the inner one half of wall) in 2 patients. Each of the 
4 patients with myocardial necrosis died from 18 to 
48 hours from the start of an aorto-coronary bypass 
operation. The histologic age of the myocardial 
necrosis corresponded in each of the 4 patients to 
the postoperative time interval, indicating that the 


necrosis was almost certainly operatively induced 
and not present before the operation. 
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Coronary Thrombosis: Pathogenesis and Clinical 
Manifestations 


Erling Falk, MD 


The majority (> 75%) of major coronary thrombi 
are precipitated by a sudden rupture of the sur- 
face of an atherosclerotic plaque (plaque fissur- 
ing) causing platelet aggregation where thrombo- 
genic subendothelial tissue has been exposed. 
Whether the thrombus remains mural and limited, 
just sealing the rupture, or evolves into an occlu- 
sive thrombus seems to depend on: (1) the 
amount and character of exposed thrombogenic 
material; (2) the actual thrombotic-thrombolytic 
equilibrium; and (3) local flow disturbances due to 
preexisting atherosclerotic stenosis. Thrombus 
formation may take place within the stenosis, 
where blood velocity and shear forces are high- 
est, or it may take place or extend poststenoti- 
cally, where flow separation, recirculation, and 
turbulence prevail. Platelet aggregation within 
the stenosis is responsible for the primary flow 
obstruction, but fibrin subsequently enmeshes 
the platelets and thus stabilizes the thrombus. 
Most thrombi have a layered structure, indicating 
an episodic growth that may alternate with 
thrombus fragmentation and peripheral embo- 
lization: thrombosis and thrombolysis are dy- 
namic processes occurring simultaneously. If the 
platelet-rich thrombus at the rupture site evolves 
into an occlusive thrombus, the blood proximal 
and distal to the occlusion may stagnate and co- 
agulate, giving rise to a secondarily formed red 
stagnation thrombosis consisting predominantly 
of erythrocytes held together by fibrin mem- 
branes. 

Aruptured plaque with a dynamic thrombosis 
superimposed (with or without spasm) seems to 
underlie the great majority of acute ischemic syn- 
dromes: unstable angina, acute infarction, and 
sudden death. The clinical presentation and the 
outcome depend on the severity and duration of 
ischemia: whether the obstruction is occlusive or 
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nonocclusive, transient or persistent—modified 
by the magnitude of collateral flow. 
(Am J Cardiol 1991;68:28B—35B) 


ncomplicated atherosclerosis in the form 
; | of lipid accumulation, macrophage infiltra- 
tion, and smooth muscle cell proliferation 
is, in fact, a rather benign disease. It may give rise 
to coronary stenoses and consequently chronic 
angina, but coronary atherosclerosis is seldom fatal 
unless a complicating thrombus supervenes. There- 
fore, a rational approach to patients with atheroscle- 
rotic heart disease regarding prevention and treat- 
ment of life-threatening events demands some 
knowledge of the basal mechanisms underlying the 
evolution of a coronary thrombus.’ 


THROMBOGENESIS 

Virchow’s triad (vessel, flow, and blood) tradi- 
tionally forms the basis of a discussion of the 
complex multifactorial process called thrombogen- 
esis. The individual significance of these factors 
and their dynamic interaction regarding coronary 
thrombus formation are depicted in Figure 1. 

Initiation: The morphology of coronary athero- 
sclerotic plaques varies considerably,” the one 
extreme being the “hard” collagen-rich plaque 
with barely detectable lipid, and the other being 
the “soft” plaque with a prominent pool of extracel- 
lular lipid (probably semifluid at body tempera- 
ture) separated from the arterial lumen by a cap of 
fibrous tissue. Soft plaques are much more danger- 
ous than hard ones because they are more vulnera- 
ble: the fibrous cap covering the lipid pool may 
rupture, whereby thrombogenic material is ex- 
posed to the flowing blood. 

Today most pathologists agree that ruptured 
(fissured) atheromatous plaques will be found 
beneath the great majority (> 75%) of fatal coro- 
nary thrombi if properly searched for,’ and the 
primary role of plaque rupture as the initiating 
(triggering) event is usually obvious: at the rupture 
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FIGURE 1. Coronary thrombosis: patho- 
genesis. Initiation: plaque ruptures, ex- 
posing thrombogenic material; promo- 
tion: stenosis, causing shear-induced 
platelet aggregation (white thrombus); 
extension: poststenotic platelet aggre- 
gation; consolidation: fibrin-stabiliza- 
tion of the platelet thrombus; dynamic: 
recurrent thrombosis and peripheral 
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site the thrombus consists predominantly of aggre- 
gating platelets, often with displaced atheromatous 
plaque material buried deeply in the luminal throm- 
bus (Figure 2).° Such a microstructure clearly 
indicates that rupture of the plaque surface has 
preceded luminal thrombus formation immedi- 
ately. The same mechanism seems also to be 
responsible for nonfatal coronary thrombosis.’ 

The mechanisms underlying the sudden rupture 
of the plaque surface are unknown. Ruptured 
plaques are frequently found in the coronary arter- 
ies of patients dying of coronary as well as noncoro- 
nary diseases," indicating that rupture of the 
plaque surface may be a random event in the 
evolution and growth of the atherosclerotic lesion. 
Ruptured caps are often very thin and heavily 
infiltrated by foam cells®’ and probably so vulnera- 
ble that they may rupture by mechanical or hemo- 
dynamic stresses associated with normal daily activ- 
ities, i.e., incidentally. The observed circadian 
variation of acute coronary syndromes could reflect 
an underlying similar variation in plaque rupture 
because of, for instance, diurnal changes of physio- 
logic processes of which many are very intense in 
the morning.’ 

It should be mentioned, however, that a rup- 
tured soft plaque is not universally present beneath 
coronary thrombi. In approximately 20% of thrombi 
examined postmortem only minor and superficial 
intimal injury is found, usually in combination with 
a severe atherosclerotic stenosis.°”” 

Promotion: Most ruptured plaques are resealed 
by a small mural thrombus and only sometimes 
does an occlusive thrombus evolve. There seem to 
be three major determinants for the outcome of a 
plaque rupture: 

1. Stimuli: experimental studies suggest that the 
amount and character of exposed thrombogenic 
material is of paramount importance” and local 
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thrombin generation probably plays a pivotal role 
in platelet-mediated arterial occlusion.'"’’*” In hu- 
mans, however, this association has not been inves- 
tigated in detail. 

2. Blood: the actual thrombotic-thrombolytic 
equilibrium definitely plays a role, as documented 
by the beneficial effect of antiplatelet agents (aspi- 
713 Pele ticlopidine’ °’) and anticoagulants (heparin,” 
warfarin’ ') in patients at risk of thrombosis. Inciden- 
tally, thrombin appears to be the most potent 
physiologic platelet activator and, in addition, leads 
to the formation and polymerization of fibrin, 
stabilizing the platelet mass to resist removal by 
hemodynamic forces. Importantly, this thrombin 
effect is not inhibited by aspirin, which is why 
proper anticoagulation may play an essential role 
in reducing arterial thrombosis." 


3. Flow: it is well known that stasis promotes 


coagulation and venous thrombosis, but it is not 
generally appreciated that quite different flow 
conditions promote arterial thrombosis. From 
pathoanatomic studies, it is quite obvious that the 
outcome of a plaque rupture to some extent 
depends on the degree of preexisting atheroscle- 
rotic stenosis: The risk of occlusive thrombosis 
increases with increasing degree of preexisting 
stenosis.” Stasis is definitely not of major impor- 
tance because many of these atherosclerotic 
stenoses are hemodynamically insignificant, caus- 
ing no reduction in the blood flow.”” The flow 
disturbance responsible for this association (steno- 
sis promotes thrombosis) is probably the high 
blood velocity and shear forces locally within the 
stenosis (Figure 3).'"’ Stenosis promotes thrombo- 
sis also after iatrogenic intimal damage (coronary 
angioplasty)” and after thrombolysis.” Experi- 
mentally, high shear forces induce platelet aggrega- 
tion in vitro*~’ as well as in animal models of 
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FIGURE 2. Initiation of thrombosis. Cross-section of 
thrombosed coronary artery showing atheromatous 
plaque material with cholesterol crystals (asterisk) dis- 
placed through the ruptured plaque surface (between ar- 
rows) into the lumen, where it is admixed with platelets, 
clearly indicating that rupture has precipitated luminal 
thrombus formation. (B is a higher magnification of A.) 


coronary artery thrombosis,'**'*’ explaining why a 
platelet thrombus may form and grow within a very 
severe stenosis. Interestingly, aspirin and ticlopi- 
dine do not inhibit shear-induced platelet aggrega- 
tion in vitro, although aspirin seems effective in 
animal models.*' Other agents, however, are proba- 
bly much more effective than aspirin regarding 
inhibition of shear-induced platelet aggregation.” 

Extension: Thrombus formation usually takes 
place within a stenosis with ruptured surface. It 




















FIGURE 3. Stenosis promotes platelet thrombosis. A, 
cross-sectioned coronary artery with nonoccluding throm- 
bus within a severe atherosclerotic stenosis. Radio- 
graphic contrast medium (c) injected postmortem nearly 
surrounds the thrombus and is also seen just beneath the 
fibrous cap, indicating an adjacent plaque rupture. B, the 
thrombus within the stenosis consists predominantly of 
aggregated platelets but a few granulocytes and delicate 
fibrin strands (arrows) are also seen. (B Is a higher magni- 
fication of A.) 


may, however, also take place or extend poststenot- 
ically where flow separation, recirculation, and 
turbulance probably offer ideal fluid dynamic con- 
ditions for progressive growth of a thrombus by 
further platelet aggregation (Figure 4).® As with 
the thrombus formed within the stenosis, the freely 
floating tail of thrombus formed downstream to the 
stenosis consists predominantly of aggregating 
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FIGURE 4. Poststenotic extension of thrombosis. Coronary 
artery has been cut open with scissors and flattened, 
showing a stenotic lesion with ruptured surface (between 
arrows) in the outflow track. A white mural thrombus has 
evolved at the rupture site, and a darker (due to more 
erythrocytes) freely floating tail of thrombus extends 
downstream poststenotically. Platelets usually constitute 
the main component of thrombus formed poststenotically, 
but erythrocytes may, as occurred here, also be present in 
significant numbers. 


platelets, indicating an underlying flow disturbance 
quite different from blood stagnation. Angiograph- 
ically, most intraluminal filling defects thought to 
represent nonocclusive thrombi are located post- 
stenotically.” 

The pathogenesis and clinical significance of 
thrombi formed within or distal to stenoses proba- 
bly differ. The relatively small thrombus compo- 
nent formed within the stenosis seems to be the 
most dangerous part of the thrombus, because: (1) 
the most severe obstruction to flow is there; (2) 
progression to total occlusion takes also place 
there; and (3) thrombus formed within stenoses is 
often quite resistant and residual thrombus may 
persist even after prolonged intracoronary strep- 
tokinase infusion.” On the other hand, the freely 
floating tail of thrombus extending downstream 
poststenotically seems to have a much greater 
potential to embolize, causing peripheral microvas- 
cular occlusion.” 

Dynamic: More than 80% of thrombi formed 
within stenoses have a layered structure with throm- 
bus material of differing age, indicating an episodic 
growth by repeated mural deposits (Figure 5).°’ In 
patients dying soon after the onset of an acute 
heart attack, platelets can usually be identified as 
the major component of the most recent part of the 
thrombus located centrally (early platelet throm- 
bus), whereas older parts nearer the vessel wall are 
much richer in fibrin concealing the platelets in a 
homogeneous mass (consolidated platelet throm- 
bus). So, both platelets and fibrin play a role in the 
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FIGURE 5. Dynamic thrombosis. Cross-sectioned coronary 
artery with a nonoccluding thrombus within a severe 
stenosis. The thrombus has a layered structure indicating 
episodic growth by repeated mural deposits. The youngest 
part located centrally (3) consists predominantly of aggre- 
gated platelets, the older part (2) is homogeneous due to 
fibrin stabilization, whereas the oldest part (1) is being 
incorporated into the plaque. The rupture site is not repre- 
sented in this section. (B is a higher magnification of A.) 
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evolution of a coronary thrombus: the primary 
obstruction to flow is usually due to platelet aggre- 
gation, but the early platelet thrombus is probably 
very unstable and fragile, and it may easily be 
swept away by the flowing blood unless fibrin 
subsequently enmeshes the platelets and thus stabi- 
lizes the thrombus—explaining why patients at risk 
of coronary thrombosis may benefit from both 
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antiplatelet agents and anticoagulants. Such a 
temporal interplay between platelets and fibrin 
agrees with experimental studies*”’ and explains 
why young thrombi are more easily lysed than older 
ones.” 

Furthermore, episodic growth seems to alter- 
nate with thrombus fragmentation and peripheral 
embolization, as documented by the frequent 
finding of small fragments of thrombus material 
impacted in intramyocardial arteries downstream 
to evolving coronary thrombi—often associated 
with microinfarcts.*’*’* Such microemboli are espe- 
cially frequent in sudden ischemic death preceded 
by unstable angina.” 

Consequently, coronary thrombosis is usually a 
dynamic process in which the thrombus waxes and 
wanes over a period of time causing intermittent 
obstruction to flow; thrombosis and thrombolysis 
occur simultaneously. 

Propagation: Secondarily to the reduced flow 
caused by the white platelet-rich thrombus at the 
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FIGURE 6. Propagation of thrombosis. A red stagnation thrombosis may form secondarily to the reduced flow caused by 





rupture site, the blood proximal and distal to the 
occlusion may stagnate and coagulate, giving rise to 
a red stagnation thrombosis consisting predomi- 
nantly of erythrocytes held together by fibrin mem- 
branes similar to a venous thrombus formed in 
stagnant blood (Figure 6). Radioactively labeled 
fibrinogen given to living patients at the onset of 
infarction may mark the secondarily formed stagna- 
tion thrombus” but not the platelet-rich thrombus 
responsible for the primary obstruction to flow.” 
A stagnation thrombus may propagate up- 
stream as an occlusive thrombus to the nearest side 
branch” and even further as a nonocclusive throm- 
bus without occluding major side branches. Conse- 
quently, reinfarction and infarct extension cannot 
be explained by thrombus propagation as sug- 
gested.*® Downstream thrombus propagation, 
however, may occlude side branches, which theoret- 
ically may impede the collateral flow and hamper 
access of thrombolytic agents to the thrombus. It 
seems more likely, however, that extensive down- 
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the primary white platelet-rich thrombus at the rupture site. A, thrombosed coronary artery has been cut open longitudi- 
nally (left anterior descending artery) showing a red stagnation thrombosis rich in erythrocytes propagating upstream 
to the nearest side branch. B, thrombosed right coronary artery has been cut open longitudinally, showing extensive 
downstream thrombus propagation causing side branch occlusion. in addition, less impressive upstream thrombus 
propagation without side branch occlusion is seen. Arrow = primary platelet-rich thrombus at ruptured plaque; c = con- 


trast medium; O = coronary ostium. 
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stream thrombus propagation with side branch 
occlusion occurs only if there is no significant 
collateral flow. 

A stagnation thrombus may be several centime- 
ters long, especially in vein grafts where there are 
no side branches,” and in the right coronary artery 
with its few major side branches (Figure 6B).”’ A 
large thrombus may be difficult to lyse, being one of 
the mechanisms underlying unsuccessful thrombo- 
lysis. Failure to reopen an occluded artery by lytic 
therapy does not indicate that the occlusion is 
nonthrombotic,”~’ but major “plaque disasters” 
may, probably rarely, give rise to intimal flaps 
projecting into the narrowed lumen and occluding 
it, or extruded plaque material may exceptionally 
plug the lumen locally without much additional 
help from platelets or fibrin (Figure 7). 


CLINICAL MANIFESTATIONS 

Rupture of small insignificant lesions in the 
coronary arteries is probably silent clinically in the 
majority of cases. Otherwise, unstable angina seems 
to be a good clinical marker of ruptured plaques” 
and the natural history of unstable angina probably 
mirrors that of the underlying ruptured plaque”: 
stabilization (resealing of the rupture), accentua- 
tion of symptoms (mural thrombosis), or infarction 
(occlusive thrombosis). A ruptured plaque with or 
without thrombosis could also explain a possible 
concomitant acute vasospasm: enhanced vasoreac- 
tivity locally (spasm) could be due to vasoactive 
substances liberated from aggregating platelets at 
the rupture site or could be due to a disruptive 
intimal hemorrhage dissecting from the lumen 
through the ruptured surface deep into the plaque 
stimulating or sensitizing (hemoglobin from lysed 
erythrocytes?) the adjacent smooth muscle cells of 
the media. Thus, plaque rupture may be associated 
with spasm or thrombosis, or both. 

Angiography performed during acute heart at- 
tacks often reveals transient nonocclusive thrombi 
in unstable angina with pain at rest,°°> severe 
stenoses (probably representing mural thrombosis 
or early spontaneous recanalized thrombi) that 
may progress to total occlusion in non-Q-wave 
infarction,’ and occlusive thrombi that may per- 
sist or lyse spontaneously (but too late) in Q-wave 
infarction.**” The culprit lesion responsible for out 
of hospital cardiac arrest or sudden death is in 
many cases similar to that of unstable angina: 
plaque rupture with mural thrombosis superim- 
posed.#® 

Collateral vessels, however, may modify the 
outcome of a sudden coronary occlusion signifi- 


cantly.°** A severe stenosis may promote collateral 
development and subsequently occlude silently.“ 
A total occlusion is found in 10% of patients with 
unstable angina,“ but no definite infarction 
evolves because of well-developed collateral ves- 
sels, and 25% of patients with non-Q-wave infarc- 
tion have a totally occluded infarct-related artery 
at the time of initial angiography, but a significant 
amount of myocardium is salvaged because of 
protecting collateral vessels.” No doubt, collat- 
eral vessels may save myocardium at risk and, very 
importantly, may extend the “time-window” for 
thrombolytic therapy.” 

For treatment of patients at risk of coronary 
thrombosis, it should be remembered that platelets 
may be stimulated through many different path- 
ways. The individual significance of these pathways 
differs, of course, from patient to patient, explain- 
ing why a single antithrombotic regimen may not 
be universally effective. Thrombin seems to play a 
critical role in many patients and aspirin-sensitive 
mechanisms are surely of importance, too. Aspirin, 
however, cannot be expected to be effective in 
cases in which, for instance, thrombin or collagen 
are the major platelet activators, and blockage of 
the adhesive von Willebrand factor may prove most 
effective in patients in whom shear-induced plate- 
let activation predominates.” 

Spasm and thrombosis occur together in many 
patients with an acute coronary syndrome.” Treat- 
ment directed against a possible vasospasm usually 
relieves pain during unstable angina, but the inci- 
dence of myocardial infarction or sudden death is 
not reduced,” and spasmolytic agents such as 
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FIGURE 7. Occluding “plaque disaster.” Right coronary ar- 
tery has been cut open longitudinally, showing atheroma- 
tous plaque material with cholesterol crystals (asterisk) 
extruded through the ruptured plaque surface (between 
arrows) occluding the narrowed lumen locally and extend- 
ing a little downstream. Upstream and downstream stag- 
nation thromboses have formed secondarily due to blood 
stagnation, causing coagulation. 
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nitrates are usually ineffective for initially opening 
the totally occluded artery during infarction,” 
although nitroglycerin may have other advan- 
tages.” So, from a prognostic point of view, 
thrombosis rather than spasm is the most impor- 
tant. 
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We investigated incidence, severity, and distribu- 
tion of coronary atherosclerosis, acute thrombo- 
sis, and plaque fissuring in ischemic heart dis- 
ease (both unstable—acute syndromes and 
chronic ischemia) and in nonischemic controls. 
We also studied the structural, immunohisto- 
chemical, and biochemical profile of plaques, 
with and without thrombus, including morphome- 
try, immunophenotyping of inflammatory infil- 
trates, cytokine presence, and ultrastructural 
features. 

Critical coronary stenosis was almost the rule 
in both acute and chronic ischemic series (> 90%) 
whereas it reached 50% in control subjects. 
Thrombosis was principally characteristic of un- 
stable—acute ischemic syndromes (unstable an- 
gina, 32%; acute myocardial infarction, 52%; car- 
diac sudden death, 26%) but was also found in 
chronic ischemia (stable angina, 12%; ischemic 
cardiomyopathy, 14%) and in control subjects 
(4%). Plaque fissuring without thrombus occurred 
in low percentages in lipid-rich, severe eccentric 
plaques in most series. 

Major differences were found between pulta- 
ceous-rich versus fibrous plaques rather than 
between plaques with or without thrombus. Pulta- 
ceous-rich plaques were frequent in sites of criti- 
cal stenosis, thrombosis, and ulceration. Inflam- 
matory infiltrates, i.e., T cells, macrophages, 
and a few £ cells, mostly occurred in lipid-rich, 
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plaques unrelated to thrombus. In adventitia, in- 
filtrates were a common finding unrelated to any 
syndrome. Necrotizing cytokines such as a-TNF 
were immunohistochemically detected in macro- 
phages, smooth muscle, and intimal cells and 
detected by immunoblotting in 67% of pulta- 
ceous-rich plaques, either with or without throm- 
bus. Immune response mediators such as IL-2 
were also expressed in analogous plaques but in 
a minor percentage (50%—40%). Media were ex- 
tensively damaged in severely diseased vessels 
with and without thrombus. Ultrastructural study 
showed that the fibrous cap was either highly cel- 
lular or densely fibrillar. intimal injury with colla- 
gen exposure was often associated with platelet 
adhesion, whereas foamy cell exposure was not. 
in conclusion, investigated parameters were 
essentially similar in plaques, both with and with- 
out thrombus, whereas major differences were 
found between pultaceous-rich and fibrous 
plaques. Since platelets adhere to exposed colla- 
gen and not to foam cells, the type of exposed 
substrates could play a major role in thrombosis 
(Am J Cardiol 1991;68:36B—50B) 


oronary atherosclerosis is mostly but not 
i exclusively’ present in patients with isch- 

emic heart disease. Clinical expression of 
the disease differs according to severity and evolu- 
tion of the plaque. In unstable acute ischemic 
syndromes (unstable angina, acute myocardial in- 
farction, and sudden cardiac death) angiographic” 
and pathologic*® studies demonstrate high inci- 
dence of plaque fissuring and thrombosis. The 
latter are otherwise uncommon in both stable 
syndromes, such as stable angina and ischemic 
cardiomyopathy, and in nonischemic patients with 


‘coronary atherosclerosis.’ Degree of stenosis, ex- 
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tent of disease, and collaterals can differ in the 
various ischemic syndromes but do not explain why 
structural destabilization affects some plaques 
rather than others. 

In this last decade, special attention has been 
given to the pathologic substrates leading to throm- 
bosis, a major cause of rapid coronary occlusion 
and acute myocardial ischemia. The most sugges- 
tive hypothesis is that plaques first undergo fis- 
suring followed by possible thrombus formation.” 
Intrinsic weakness of the fibrous cap has been 
hypothesized to be a factor favoring plaque rup- 
ture.'*"’ Recently, necrotizing cytokines able to 
damage plaque structures, such as a-tumor necro- 
sis factor (a-TNF), have also been detected in 
atherosclerotic plaques." When spasm and vaso- 
constriction occur, such weak plaques especially 
could undergo shape modifications, abnormal con- 
tact, and rupture.” Circulating systemic factors or 
local modifications, such as adventitial inflamma- 
tory infiltrates surrounding nervous structures, are 
possible triggers of arterial wall contraction.” All 
these mechanisms have been suggested as being 
implicated in plaque damage or evolution.™® 

Aims of our study were to investigate: (1) the 
incidence of coronary atherosclerosis, plaque fis- 
suring and acute thrombosis in ischemic and nonis- 
chemic patients; (2) the incidence of acute coro- 
nary thrombosis as well as that of plaque fissuring 
without thrombosis in patients with acute ischemia, 
in those with chronic syndromes and in control 
subjects; (3) whether morphology, plaque composi- 
tion, presence and immunophenotype of inflamma- 
tory infiltrates, cytokine release of either necrotiz- 
ing (aTNF) or immune-response mediators 
interleukin-2 (IL-2) and ultrastructural features of 
plaques with thrombus differ from those of plaques 
without thrombus, independent of clinical status. 


MATERIALS 

Materials include series of endoatherectomies 
and necropsies and explanted hearts from patients 
with ischemic heart disease and control subjects in 


which death was unrelated to cardiac causes. All 
clinical data are summarized in Table I. 

Acute unstable ischemic syndromes: 

UNSTABLE ANGINA: This series includes 16 pa- 
tients with angina at rest. Samples were collected 
from endoatherectomy during coronary artery by- 
pass graft surgery. Specimens were measured in 
length and macroscopically evaluated for calcifica- 
tions and stenosis or occlusions. Macroscopic fea- 
tures are summarized in Table II. 

ACUTE MYOCARDIAL INFARCTION: This series 
includes 106 consecutive autopsies performed in 
the Pathology Department of Pavia University on 
adult patients with clinical and electrocardio- 
graphic diagnosis of acute myocardial infarction 
(AMI). Exclusion criteria were history of coronary 
artery bypass grafting operation or any other type 
of cardiac intervention, valvular heart disease, 
idiopathic cardiomyopathy or specific heart muscle 
disease, and congenital anomalies. Coronary arter- 
ies were excised from the heart and transversally 
cut into short segments (few millimeters) and 
routinely processed for histologic examination. In 
20 consecutive cases, excised coronary arteries 
were opened longitudinally starting from the distal 
end. Proximal plaques (likely ischemia-related le- 
sions) with or without thrombus were divided in 3 
segments: one was used for conventional morphol- 
ogy, another for electron microscopy, and the last 
for Western immunoblotting study. Myocardial 
tributary to the infarct-related vessel was sampled 
and processed for microscopic examination. 

SUDDEN DEATH: This series includes 38 cases of 
sudden death occurring within 1 hour from onset of 
unexpected symptoms: sudden attacks with conse- 
quent unconsciousness. Emergency room electro- 
cardiogram in these patients recorded some termi- 
nal cardiac electrical activity before death. These 
autopsies were performed in the Pathologic Anat- 
omy Service. Pathologic study was also performed 
on hearts from 5 additional forensic autopsies of 
sudden deaths occurring in a nonhospital setting. 
The present study includes 27 of these 43 cases in 


TABLE I Clinical Data of Patients with Ischemic Heart Disease and Controls 


Test Groups Source of Specimens 


Acute syndromes 
Unstable angina 
Acute myocardial infarction 
Sudden death 
Nonacute syndrome 
Stable angina 
Congestive heart failure 
Control subjects 
Noncardiac death 


Endarterectomy 
Necropsy 
Necropsy 


Endarterectomy 
Cardiac transplant 


Necropsy 


Mean Age 
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Specimen 
Length (cm) 
(Mean + SD) 


Coronary 


Angina Arteries Collaterals 


Stable 

{n = 17) 
Unstable 
(n = 16) 


Critical Stenosis 


Eccentric 
Shape 


Single Multiple Calcifications 


11/17 6/17 13/17 16/17 


7/16 9/16 13/16 13/16 


RCA = right coronary artery; L.marg. = left marginal; AD = anterior descending; PD = posterior descending. 


*One case had both L.marg. and PD. 


which pathologic study revealed cardiac causes of 
death (20 men, aged 61 + 14 years; 7 women, aged 
64 + 18 years). 

Nonacute ischemic syndromes: 

STABLE ANGINA: This series includes 17 patients 
with angina on effort. Samples were collected from 
endoatherectomy during coronary artery bypass 
graft surgery. All plaques were critically stenosing 
and mostly calcified. Macroscopic features are 
summarized in Table II. 

CARDIAC TRANSPLANTATION: Forty-two of 180 
patients who underwent cardiac transplantation 
performed by the Cardiac Surgery Department of 
IRCCS Policlinico San Matteo from November 
1985 to August 1990 had ischemic heart disease 
with previous infarction and no ventricular recon- 
structive surgery. Hearts were all collected at 
surgery. 

Control series: This group includes 77 autop- 
sies of adult patients who died in the hospital from 
noncardiac illness. Inclusion criteria required clini- 
cal diagnosis of noncardiac death: pulmonary em- 
bolism, gastroenteric hemorrhage (ulcer, esoph- 
ageal varices, hemorrhagic gastritis, neoplasia), 
intracerebral hemorrhage, metastatic cancer, hemo- 
peritoneum, hemothorax; miscellaneous (fistulas, 
pneumonia, sepsis, meningitis). 


METHODS 

Light microscopy: Major epicardial coronary 
arteries from necropsies and explanted hearts were 
excised, cut, macroscopically examined and then 
processed for histologic study. Proximal plaques of 
vessels perfusing infarction areas were taken as 
ischemia-related lesions. The samples were fixed in 
10% buffered formalin solution, cut into short 
segments (3 to 6 mm length), dehydrated and 
embedded in paraffin. Thick sections, 5 um, were 
serially cut and stained with hematoxylin-eosin and 
Masson’s trichrome every 10 sections. Unstained 
sections were used for immunohistochemical study. 
The same processing was used for endarterectomy 
samples. 





QUANTITATIVE EVALUATION: This study was done 
in coronary arteries of 60 patients who died from 
AMI and includes 30 plaques (ischemia-related 
lesions) with and 30 plaques without thrombus 
from the same coronary trees as well as 30 other 
critically narrowing plaques (ischemia-related le- 
sions) from cases in which thrombus was not found. 
Extensive studies have already been done on com- 
position of atherosclerotic plaques in AMI and 
sudden death." This investigation was only aimed 
at evaluating the following features possibly re- 
lated with plaque rupture mechanisms: (1) amount 
of pultaceous core. We used the following meth- 
ods: a point-counting system” for volume fraction 
of the core and a planimetric method."*”? Both 
were performed on color pictures or on slide 
projections. Percentage of error (underestimation) 
of a point-counting versus planimetric equals 2.7 + 
1%; (2) thickness of the fibrous cap was directly 
measured in 10 sections stained with Masson’s 
method of the same plaque; values were then aver- 
aged; (3) circumferential percentage of preserved 
media (with continuous internal elastic lamina and 
no fibrous replacement of smooth muscle cells). 
Measurements were performed with the planimet- 
ric method used at 10 different cutting levels of the 
same plaque. Mean values were calculated; and (4) 
mean percentage of stenosis was determined. 

Electron microscopy: Samples were cut from 
12 plaques with thrombus, 4 ruptured plaques 
without thrombosis and 29 plaques without throm- 
bus. Two samples of the first group and 7 of the 
third set could not be successfully cut because of 
heavy calcification. Each sample consisted in a 
short segment of coronary artery (2 to 4 mm in 
length), which was divided into 3 to 5 segments for 
embedding. Methods used for electron microscopy 
have been previously described.” This part of the 
study was aimed at defining fibrous cap and intimal 
structure in plaques with and without intimal injury 
and thrombosis and thrombus composition. 

Light microscopy immunohistochemistry: Im- 
munohistochemical staining was mostly performed 
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on calcified, unstained sections consecutive to 
sections stained with hematoxylin-eosin and Mas- 
son’s trichrome. The effects of 2 different methods 
of decalcification on antigen preservation were also 
assessed in a limited number of coronary arteries. 
Both methods consisted in using formic acid solu- 
tion at different concentrations: 10% solution for 
12 to 16 hours in 20 consecutive coronary arteries 
of our series, and 30% solution for 4 to 6 hours in a 
series of 11 coronary arteries from patients who 
died from unstable angina (kindly furnished by Dr. 
W.C. Roberts, National Heart, Lung and Blood 
Institute collection, National Institutes of Health, 
Bethesda, MD). Sections for immunohistochemi- 
cal study were deparaffinized and brought to Tris- 
phosphate-buffered saline solution (0.15 M, pH 
7.35). After blocking endogenous peroxidase with 
3% hydrogen peroxide and pretreatment with type 
XXVII protease” (Sigma Chemicals) or trypsin, 
the slides were incubated overnight with the pri- 
mary antisera. Immunohistochemical staining was 
performed with the peroxidase-antiperoxidase 
method,” or avidin-biotin complex technique,” 
and diaminobenzidine (Sigma Chemicals) was used 
as chromogen substrate. Specificity tests, per- 
formed by omitting the first layer, gave negative 
results. Antisera against cytokines, inflammatory 
and plaque cells and working dilutions used 
throughout the study are detailed in Table III. In 
excised coronary arteries, adventitial inflammatory 
infiltrates were evaluated separately from those 
present within plaques. In endarterectomy samples 
adventitia was not available. 

immunoblotting: Test and control samples used 
for this study are detailed in Table IV. Tissue was 
homogenised in 3 volumes (vol/wt) of extraction 
buffer (10 nM phosphate buffer, 140 mM salt: 
phosphate buffer solution, pH 7.4, 0.5 mM phenyl- 
methyl sulfonyl fluoride, 500 U/ml aprotinin). The 
homogenate was then centrifuged for 10 minutes at 
10,000 g. The supernatant was brought to sample 





TABLE tli Antisera and Working Dilution Used for 
Immunohistochemical and Immunoblotting study 


Antibodies Antigen Dilution Source 


Clonab-Biotest 
Dakopatts 
Dakopatts 
Dakopatts 
Dakopatts 
Boehringer 
Sera-lab 
Dakopatts 
Dakopatts 


LN5 Macrophages 

MAC-387 Monocyte-macrophages 

L26 B-lymphocytes 

UCHL-1 T-lymphocytes (CD 45 RO) 

LCA Leukocytes (CD 45) 

a-TNF a-TNF containing cells 

a-TNF a-TNF containing cells 

IL-2 Interleukin-2 receptors (CD25) 

Factor VIII Human von Willebrand factor 
Rag 

Actin 


1:1000 


a-actin 1:500 Zymed 





buffer (62.5 mM Tris hydroxymethylaminomethane, 
pH 7.2, 2% sodium dodecyl sulfate (SDS), 0.01 wl 
of the bromophenol blue). Twenty microliters of 
protein were heated at 100°C for 5 minutes. Then, 
SDS-polyacrylamide gel electrophoresis (T = 15%) 
was performed according to the Laemmli method.” 
Proteins were transferred to nitrocellulose (BA 83) 
(Schleicher and Schuell) and Zetabind membranes 
(CUNO, Meriden, CT) according to Towbin et al.” 
The electrophoretic blots were soaked in 3% bo- 
vine serum albumin in saline solution (0.9% so- 
dium chloride, 10 mM Tris HCI pH 7.4) for 1 hour 
at 40°C to saturate additional protein binding sites. 
Subsequently, blots were rinsed in saline solution 
and incubated with anti a-TNF antiserum (diluted 
1:500 in Tris buffer saline) and anti-IL-2 antibody 
(diluted 1:500 in Tris buffer saline) for 2 hours at 
room temperature. Bound antibody was detected 
by the alkaline phosphatase substrate solution 
consisting of 0.33 mg/ml p-nitro-blue-tetrazolium 
chloride (previously dissolved in 70% dimethyl- 
formamide) and 0.165 mg/ml 5-bromo-4-chloro-3- 
indolyl phosphate (previously dissolved in dimeth- 
ylformamide) in 100 mM Tris HCl, pH 9.5, 100 mM 
sodium chloride, 5 mM magnesium chloride buffer. 
After a few minutes of color development, the 
strips were rinsed in water and let dry on filter 


paper. 


TABLE IV Tumor Necrosis Factor and |nterleukin-2 Western Blotting Study: Source and Number of Samples Tested 


Tissues Source 


Coronary arteries 20 necropsies (AMI) 


2 explanted hearts (IHD) 


3 explanted hearts (DC) 
(negative controls for IL-2 and TNF) 
Other tissues 
patients (positive controls for IL-2). 
Samples from cancer specimens 
(positive controls for aTNF). 


Endomyocardial biopsies from transplanted 


Type of Plaque 


10 with thrombus; 

2 fissured without thrombus; 
15 lipid-rich plaques 

14 fibrous plaques 

Normal coronary arteries 


Samples with moderate acute rejection 


AMI = acute myocardial infarction; DC = dilated cardiomyopathy; IHD = ischemic heart disease. 
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Protein extracts were also processed following 
modification of the technique for resolving 20 to 
150 residue peptides, as described by Swank and 
Munkres.” This modified protocol uses 18% or 
20% uniform pore separating gel with 0.5% cross- 
linking (200:1 acrylamide:bis). The gel also con- 
tains 10% glycerol to slow diffusion and to retard 
migration. The pH of this system is 9.3 and runs in 
the Hoefer SE 600 Vertical Slab Unit. 


RESULTS 

Incidence of coronary atherosclerosis in isch- 
emic versus nonischemic patients: More than 
90% of ischemic patients had critical coronary 
stenosis, whereas it was present in about 50% of 
nonischemic patients (Table V). Ischemic patients 
also presented a higher incidence of multivessel 
disease. Aggregates of foamy cells protruding into 
the vessel lumen and lined by a single layer of 
endothelial cells were often seen along diseased 
coronary trees independently to the degree of 
stenosis. 

Incidence of plaque fissuring and acute 
thrombosis in ischemic versus nonischemic pa- 
tients: [ncidence of acute coronary thrombosis was 
greater in ischemic patients with respect to non- 
ischemic patients (Figure la). Plaque fissuring 
without thrombus was present in both ischemic and 
nonischemic patients with coronarosclerosis (Fig- 
ure 1b to d). Isolated hemorrhage was rare (Table 
VI). 

Incidence of thrombosis and plaque fissuring 
in acute versus chronic ischemic syndromes: 
Acute thrombosis was more often present in acute 
unstable syndromes, rather than chronic ischemic 
syndromes or control subjects (Table VI). Plaque 


fissuring without thrombus was found in low per- 
centages in both acute and chronic ischemia groups. 
Structural and biochemical features of 
plaques with and without thrombus: 
MORPHOMETRIC EVALUATION: Most critically 
stenosing plaques were pultaceous-rich and eccen- 
tric (Table VII). Volume fraction of necrotic core 
did not significantly vary between plaques with and 
without thrombus. Fibrous cap was thinner in 
plaques with thrombus than those without throm- 
bus, but the difference was not statistically signifi- 
cant. Circumferential percentage of preserved me- 
dial wall was also lower but not significantly 
different in plaques with thrombus than in others. 
IMMUNOHISTOCHEMICAL TYPING OF INFILTRATES: 
Almost all plaques evaluated contained inflamma- 
tory infiltrates at the same cutting level (Table 
VIII). Antibodies used for this characterization 
worked on paraffin sections of either decalcified or 
calcified samples. In the two endarterectomy se- 
ries, the incidence, distribution, and immunopheno- 
type of inflammatory infiitrates within plaques 
were similar. In other series, infiltrates were evalu- 
ated separately in adventitia and within plaques. In 
adventitia, T and B lymphocytes with rare macro- 
phages were aggregated around nerves and vessels 
and were present in vessels with and without 
thrombus (Figure 2). Infiltrates within plaques 
were mostly found close to pultaceous material 
(Figure 2) unrelated to presence or absence of 
thrombus. Plaque infiltrates also consisted of mostly 
T cells with fewer B lymphocytes, but macrophages 
were much more numerous than in adventitia. 
CYTOKINES: We used two different antibodies 
for a-TNF in both immunohistochemical and West- 
ern immunoblotting searches (Table IX). a-TNF 
immunoreactive cells were constituted of non- 


TABLE V Necropsy and Explanted Heart Series: Pathologic Data 


Coronary Artery 
Disease: n(%) 


Critical* 
Noncritical 


Acute syndromes 
Myocardial infarction 
(%) 

Sudden cardiac death 
(%) 

Nonacute syndromes 
Congestive heart failure 
(%) 

Control subjects 
(%) 

*1-, 2-, 3-vessel disease. 
tAnomolous origin of right coronary artery. 


tSudden death as onset of symptoms. 
§Septal. 
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Acute Myocardial 
Infarction: n(%) 


Absent Present Absent 


Rupture 


SEPTEMBER 3, 1991 








FIGURE 1. Coronary atheromatous 
plaques illustrating thrombosis and 
plaque fissuring without thrombus. a, 
subocclusive thrombus (H&E, < 22). b, 
plaque fissuring without thrombus in 
calcified atherosclerotic plaque (H&E, 
x86). c, plaque fissuring of lipid-rich 
plaque with some hemorrhage (H&E, 
x28). d, higher magnification of c (H&E, 
x 160). 





TABLE VI Incidence of Acute Coronary Thrombosis, foamy monocyte-macrophages (LNS 9i MAC 387 
Hemorrhage Alone, and Plaque Rupture Without Protruding positive cells), smooth muscle cells (antiactin posi- 


Thrombus in Endoarterectomy Samples, Necropsy and Explanted tive cells) and intimal cells (either antihuman von 
EI tae Serana eee Piya Willebrand factor-positive cells or negative immu- 


Prague nostaining cells located in superficial position) 
Acute Rupture A p ; 
Corprialy. i Hemorhage Without (Figure 3). We must point out, in fact, that super- 


Thrombosis Alone Thrombus None | ficial intimal cells could be either positive or 


Acute syndromes 
Unstable angina 16 
(%) 
Acute myocardial 106 
infarction 
(%) 
Sudden cardiac 27 
death 
(%) 
Nonacute syndromes 
Stable angina 17 
(%) 





TABLE VII Amount of Necrotic Core, Concentric or Eccentric 
Shape of Plaques, Percent of Stenosis, Residual Media and 
Thickness of Fibrous Cap in Plaques with and without Thrombus 













Thrombus Without Thrombus 
Quantitative Features (n = 30) (n = 60) 
















Pultaceous core (%) 34+ 14 26 + 15 NS 
Prevalence of different shape 


in the same plaque 











Congestive heart 42 Excentric (%) 23 (76.6%) 41 (68.3%) NS 
failure Concentric (%) 7 (23.4%) 19 (31.7%) NS 
(%) Mean stenosis (%) 77+8 81+9 NS 
Control subjects Preserved media (%) 35+9 29+ 10 NS 
(%) Fibrous cap thickness (mm) 
- , ; . (done in 64) 
E ket A N iMa allt a (left marginal) and plaque fissuring Thinner portions 0.6 + 0.4 0.8 + 0.4 NS 
tOne patient died of cerebral hemorrage (thrombus on right coronary artery), another Remaining portions Lie 05 1.3 ENOR NS 





of metastatic ovarian cancer (thrombus on the right coronary artery), and a third of 
dissection of aortic aneurysm. (thrombus on left circumflex). 





NS = difference not significant. 
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Adventitial Within Plaques 





No. 
Done 





Total No. LCA T B LN5/MAC387 LCA T B LN5/MAC387 











Acute syndromes 


Unstable angina 16 16 " ? j- i 81.2 81.2 43.7 87 

AMI 106 45 86.6 86.6 75.5 6.6 91.1 68.8 68.8 95 

Sudden death 43 18 72.2 72:2 66.6 11.1 83.3 83.3 39 88 
Nonacute syndromes 

Stable angina 17 17 2 x : s 82.3 82.3 47.0 76 

CHF 42 29 96.5 96.5 86.2 10.3 86.2 86.2 68.9 93 
Control subjects 77 15 733 73.3 66.6 6.6 60.0 60.0 53.3 66 
Unstable anginat 9.1 






*No adventitia. 
tNational Heart, Lung and Blood Institute series. 
AMI = acute myocardial infarction; B = B cell; CHF = congestive heart failure; T = T cell. 



































FIGURE 2. Immunophenotyping of in- 
flammatory cells of a critical athero- 
sclerotic plaque. a, low magnification 
showing both adventitial (+) and intra- 
plaque (e) infiltrates immunoreactive 
for LCA monoclonal antibodies (PAP 
method x 20). b, adventitial inflamma- 
tory infiltrates surrounding nervous 
structures are mainly composed of T 
lymphocytes (PAP method, x 84). c, 
inflammatory infiltrates within plaque 
are mostly T lymphocytes (PAP method, 
x 140) with few B lymphocytes, d (PAP 
method, x 140). 
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negative for anti-factor VIII Rag antibodies. On 
blotting search, a-TNF was mostly found in pulta- 
ceous-rich plaques either with or without thrombus 
(Figure 3). Few fibrous plaques showed a weak 
positive reaction. The anti-IL-2 antibody works 
only on frozen tissue. Therefore, only Western 
immunoblotting search was performed. Cutting of 
frozen sections of diseased coronary arteries is 
often limited by calcification. IL-2 was found in a 
small percentage of the same plaques with a-TNF. 

ULTRASTRUCTURAL STUDY: We found that super- 
ficial intimal cell layer of plaques was often discon- 
tinuous and, when present, it was constituted of at 
least 3 different types of cells (Table X, Figure 4). 
In addition, composition of fibrous caps differed in 
relation to amount of collagen fibrils and cells 
present (Table X, Figure 5). Smooth muscle cells 























FIGURE 3. o-TNF immunohistochemical and immunoblotting study. a, low m 


TABLE IX Western Blotting Immunoreactivity in Tests Groups 
and Controls 


a-TNF(+) % 
10/12 83 


IL-2(+) % 


Tested Samples 


Fissued plaques with or 6/12 50 


without thrombus 
Lipid-rich plaques 10/15 67 6/15 40 
Fibrous plaques 2/14 14 2/14 14 
a-TNF and IL-2 negative controls 0/4 — 0/4 — 
IL-2 positive controls 3/3 100 3/3 100 
a-TNF positive controls 2/2 100 O 0 


IL-2 = interleukin-2; a-TNF = a-tumor necrosis factor 


of the cap exhibited various patterns of lipid intake 
(Figure 5). 

PLAQUES WITH THROMBUS: The head of the 
thrombus contained varying proportions of plaque 
components, such as cholesterol clefts, foamy cells, 
smooth muscle cells, collagen bundles and fibrin 

















































































































agnification of atherosclerotic plaque with 


thrombus showing positive smooth muscle cells b (PAP method, x92) («), macrophages and intimal cells immunoreac- 
tivity (PAP method, x 20). c, immune-reactive macrophages are mostly found close to cholesterol clefts and lipid mate- 
rial (PAP method, x 180). d, Western blotting in 10 coronary arteries: 1 = normal control; 2,5,7,9,10 = lipid-rich plaques 
without thrombus; 4,6,8 = lipid-rich plaques with thrombus; 3 = fibrous plaque. 
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strands, red cells, granulocytes and platelets. 
Thrombus composition differed in deep and super- 


TABLE X Ultrastructural Findings of Atherosclerotic 


Intimal cells Endothelial cells with Weibel-Palade bodies ficial 1 thal | f platel d 
Smooth muscle like cells (filament-rich) ay ers with a large prevalence of platelets an 
Macrophage-like cells fibrin in the deepest core followed by red cells 
niarous tap pal Bina bridged by fibrin and only red cells in most superfi- 
Cell-rich (smooth muscle cells) cial layers (Figure 6). 
Intimal injury with Foam cells Fibrin PLAQUES WITH INTIMAL INJURY WITHOUT THROM- 
exposure of Red cells f : . 
Rare orno matalot BUS: We observed that platelet adhesion is com- 
Collagen Platelets mon in sites where collagen is exposed but uncom- 
ine Trai mon at sites of foamy cell exposure despite presence 


Fibrin 





of fibrin strands and red cells (Table X, Figure 7). 
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FIGURE 4. Electron micrographs showing “intimal cells” of atherosclerotic plaques. a, filament-rich intimal cells (uranyl 
acetate and lead citrate, x 18,000). b, macrophage-like superficial cell of plaque with intimal injury (uranyl acetate and 
lead citrate, x 10,800). 
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FIGURE 5. Electron micrographs of 
plaque caps with different structural 
configurations. a, cap rich in smooth 
muscle cells (uranyl acetate and lead 
citrate, x 7,200). b, collagen fibril-rich 
cap (uranyl acetate and lead citrate, 

x 9400). c, cap smooth muscle cell ex- 
hibiting patterns of lipid intake (uranyl 
acetate and lead citrate, x 18,000). d, 


higher magnification of c, (+) (uranyl 
acetate and lead citrate, x 28,000). 


DISCUSSION 

Incidence of disease and complications in 
test groups and controls: Our results show that 
although coronary atherosclerosis is definitely more 
frequent in patients with ischemic heart disease, 
critical stenosis also occurs in high percentages of 
nonischemic controls. As many as 53% of the 
latter, in fact, have >1 critically stenosed vessel. 
On the other hand, thrombosis is much more 
frequent in ischemic patients presenting a clear-cut 
increasing incidence in acute-unstable syndromes 
with respect to chronic disease and controls. The 
results, however, also indicate that thrombosis is 
mostly but not necessarily followed by clinically 
overt acute ischemia. Moreover, absence of throm- 
bus in more than 33% of acute myocardial infarc- 
tions, in 67% of unstable angina cases and 65% of 
sudden cardiac deaths suggests that other mecha- 
nisms may account for rapid or sudden vessel 





occlusion and myocardial ischemia. Spontaneous 
thrombolysis alone cannot explain the lack of 
thrombus in a such a high percentage of sudden 
deaths, occurring within <1 hour from onset of the 
attack. Reported differences in incidence of throm- 
bosis in sudden death are likely due to different 
definitions of sudden death,” which is beyond 
the scope of this study. In any case, the sudden 
death series of our hospital center did not include 
patients admitted to the coronary care unit with 
clinical and electrocardiographic diagnosis of AMI 
who died early after symptom onset. 

Thrombosis occurred in very few of the numer- 
ous plaques present in coronary arteries of patients 
with acute ischemic syndromes. Therefore, we 
hypothesized that plaques with and without throm- 
bus may differ to some extent and investigated why 
some plaques undergo thrombosis. The first ques- 
tion was what causes plaque instability and possi- 
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FIGURE 6. Electron micrographs illus- 
trating composition of a recent throm- 
bus. a, platelet-rich core of the throm- 
bus (uranyl acetate and lead citrate, 

x 12,000). b, intermediate layers show- 
ing fewer platelets, fibrin and red cells 
focally bridged by fibrin strands (uranyl 
acetate and lead citrate, x 12,000). c, 
superficial layers of thrombus are often 
composed of densely packed red cells 
(uranyl acetate and lead citrate, 

x 14,000). 





ble rupture. Spasm of critically stenosed vessels has 
been suggested as one mechanism precipitating 
plaque rupture.’ Although some contraction 
resulting in either longitudinal or circumferential 
segmental shortening is possible, spasm is unlikely 
in vessels with less than 40% intact media. In any 
case, preserved media did not significantly vary in 
plaques with and without thrombus. However, 
other contractile structures, such as smooth muscle 
cells, may be present in plaques. Smooth muscle 
cells contain large amounts of contractile filaments 
that are consistent with contractile properties, but 
whether they may lead to any dynamic plaque 
change is not known. Plaques with and without 


thrombus showed no significant differences in other 
structural characteristics possibly related to plaque 
weakness, such as thin fibrous cap and large 
amount of pultaceous core. These findings, there- 
fore, are not significant when distinguishing be- 
tween the two plaque configurations. In endarterec- 
tomy series, incidence of thrombosis and disease 
extension rather than degree of stenosis or plaque 
structure, was suggestively different. Plaques in 
unstable angina were longer and more diffuse with 
a greater number of critical stenosis. Although this 
finding may have limited significance due to surgi- 
cal implications, it is, however, consistent with the 
extensively diffuse atherosclerosis found in unsta- 
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FIGURE 7. Electron micrographs of 
plaques with intimal injury. a, intimal 
injury with collagen exposure and plate- 
let adherence (uranyl acetate and lead 
citrate, x 22,000). b, intimal injury with 
exposed foam cells without fibrin, 
platelets or red cell adhesion (uranyl 
acetate and lead citrate, x 12,000). c, 
intimal injury with exposed foam cells: 
fibrin and red cells are superimposed 
on or intermixed with foam cells (FC), 
whereas platelets are not found (uranyl 
acetate and lead citrate, x 8,000). 


ble angina vessels, as reported by Roberts and 
Virmani.” Finally, plaque fissuring was present 
without protruding thrombi in our test and control 
groups as well as in 8.7% of control subjects 
reported by Davies and Thomas,” suggesting that 
although it is probably common in coronary athero- 
mas, other factors are also needed to generate 





overlying thrombus. Therefore, since plaques shar- 
ing similar structural characteristics behave differ- 
ently, their fate is likely bound to factors beyond 
the realm of morphologic studies. 

Consequently, we decided to investigate the 
presence and phenotype of inflammatory infiltrates 
and their possible role in thrombotic events. Adven- 
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titial and plaque infiltrates were evaluated sepa- 
rately, since they can play different roles. In adven- 
titia, inflammatory cells are often clustered around 
nervous or vascular structures and are composed of 
both T and B lymphocytes with very few macro- 
phages, which probably act as antigen-presenting 
cells rather than scavenger cells. They are a very 
common feature of most advanced plaques, as 
reported,” related to the type and severity of the 
lesions rather than to any clinical syndrome itself. 
In patients with unstable angina, adventitial infil- 
trates have been related to vasospasm.” Certainly, 
dense inflammatory infiltrates surrounding nerve 
structures in diseased coronary arteries can release 
lymphokines or substances stimulating arterial wall 
motion, but, according to our results, this event 
could occur anywhere in advanced lesions. 

Within plaques, infiltrates may be either scat- 
tered or grouped together: they are also composed 
of T lymphocytes (prevalently) and B cells but with 
a greater number of macrophages. Inflammatory 
infiltrates within the plaque are likely triggered by 
lipid accumulation either in the form of cholesterol 
clefts or in foamy cells. In fact, infiltrates were 
commonly found in lipid-rich plaques, whereas 
they were rare in fibrotic plaques. Recently, Eme- 
son and Robertson” revealed that CD8-positive T 
lymphocytes, closely associated with monocyte- 
macrophages, were sometimes present in human 
aortic and coronary arteries of young adults dying 
from acute trauma. Activated monocytes do not 
only release growth factors for smooth muscle cells 
and fibroblasts,” but also cytokines with angiogenic 
and necrotizing effects on plaque components.'*” 
In addition, the presence of both T and B cells 
could account for antibody production, formation 
of immune complexes and complement activation. 
Experimental and human atherosclerotic lesions, 
in fact, have been shown to contain C5b-9 com- 
plexes,” ” and complement-activation products are 
known to mediate numerous monocyte-macro- 
phage functions.” Therefore, since inflammation is 
more related to plaque composition rather than to 
type of ischemic syndromes or presence of throm- 
bus, we investigated features possibly influencing 
plaque damage, such as necrotizing cytokines, or 
cell activation, such as immunologic mediators. 

Cytokines within plaques: a-TNF is a 17 kD 
polypeptide, mainly synthesized by activated mac- 
rophages and endothelia.”“ It causes hemor- 
rhagic necrosis”? and mediates macrophage-in- 
duced angiogenesis.”’*' Recently, TNF has been 
immunohistochemically detected in smooth muscle 





cells, endothelial cells, and macrophages of human 
femoral, coronary, and carotid atherosclerotic ar- 
teries. The amount of TNF increased with the 
severity of the lesions, leading the researchers to 
suggest that it may play a role in disease evolu- 
ton: "F 

Our results agree with those reported by Barath 
et al.'** In fact, both Western blotting techniques 
and immunohistochemical methods revealed a-TNF 
in lipid-rich plaques either with or without throm- 
bus. a-TNF was not found in normal coronary 
arteries of control subjects and was present in 
minimal concentrations in a few fibrous plaques. 
Smooth muscle cells, monocyte-macrophages and 
intimal cells were a-TNF immunoreactive. More 
recently, Barath et al.” described different pat- 
terns of TNF immunoreactivity in smooth muscle 
cells. Media cells (surface positivity) did not ex- 
press TNF mRNA, whereas 96% of intimal smooth 
muscle cells (mesenchymal-appearing cells with 
cytoplasm positivity) expressed TNF mRNA and, 
therefore, synthesized TNF. TNF expression in 
smooth muscle cells could be triggered by lipid 
intake, as seen in our electron microscopy study. In 
fact, cultured human vascular smooth cells have 
been found to produce TNF when incubated with 
low density lipoproteins.” The other a-TNF immu- 
noreactive cell population is represented by mac- 
rophages that are likely in an “activated” status. As 
described earlier, lymphocytes and complement 
activation products may induce macrophage activa- 
tion within plaques. In addition, lymphocyte- 
induced macrophage activation occurs, at least 
partially, through IL-2 expression. IL-2 has never 
been reported to be present in atherosclerotic 
lesions to date. IL-2 (15.5 kD polypeptide) is a 
marker of activated T cells, which stimulates growth 
of activated B and T cells, activates monocytes, 
macrophages and natural killer NK cells and pro- 
motes growth of the latter. IL-2 receptors are 
expressed in most immunomediated inflammatory 
reactions.” It is a labile antigen that is lost with 
formalin fixation and immunohistochemically re- 
vealed only on frozen tissue. Our Western immuno- 
blotting study revealed IL-2 presence in a high 
percentage of plaques. Since unstimulated T cells 
do not express IL-2 receptor, it is likely that some 
plaque components may trigger T-helper lympho- 
cyte activation. The CD8 lymphocytes found by 
Emeson and Robertson” in human aortic athero- 
sclerotic lesions are also consistent with the release 
of lymphokines in atherosclerotic plaques. Accord- 
ingly, some cell-mediated immunologic reactions 
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do occur during phases of plaque evolution. Inter- 
estingly, like inflammatory infiltrates and a-TNF, 
IL-2 is present in plaques with large amounts of 
pultaceous core not strictly related to thrombosis 
but rather to the plaque composition. 

Finally, ultrastructural study revealed that cap 
and neointimal cells can be so rich in contractile 
filaments as to resemble smooth muscle cells. Their 
structure is consistent with the abnormal response 
of diseased vessels to acetylcholine.“ However, it is 
not known whether neointimal cells share the same 
antithrombotic properties as endothelial cells, de- 
spite their great structural differences. In addition, 
superficial intimal injury without overlying throm- 
bus was common in atherosclerotic plaques as 
already shown on scanning electron microscopy 
study by Davies et al.” This finding limits the role 
of superficial intimal injury in thrombotic mecha- 
nisms. The other suggestive finding of our electron 
microscopy study was that platelets rarely adhere 
when foamy cells are exposed to flow, although 
fibrin strands and red cells are common findings. 
On the other hand, platelets adhere to exposed 
collagen as known.” Whether foam cells refractory 
to platelet adhesion were originally smooth muscle 
cells or monocytes deserves further study. Our 
finding is consistent with the physiologic lack of 
adhesion of platelets to circulating cells and sug- 
gests that foam cells on which platelet adhesion 
does not occur may have derived from monocytes. 
In any case, we believe that exposure of different 
types of substrates plays a role in platelet adhesion 
and therefore in thrombus formation. 

In conclusion, coronary atherosclerosis is al- 
most the rule in ischemic heart disease, even 
though it can also be present in nonischemic 
controls. Thrombosis is a major finding in acute 
ischemic syndromes. Structural characteristics of 
plaques (e.g., shape, size, pultaceous core), adven- 
titial or intraplaque inflammatory infiltrates and 
cytokine release certainly identify risky plaques but 
do not fully explain why thrombosis occurs in some 
lesions and not in others. Thrombosis is likely the 
result of complex imbalances between systemic and 
local factors. In particular, substrate exposed to 
flow certainly plays some role in thrombogenic 
events: lack of platelet adhesion to exposed foam 
cells in plaques with intimal injury requires further 
confirmation on larger series. 
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Platelet Activation in the Pathogenesis of 
Unstable Angina: Importance in Determining the 
Response to Plasminogen Activators 


Desmond J. Fitzgerald, MD 


Unstable angina is a clinical syndrome of recur- 
rent myocardial ischemia. In some cases, this 
reflects episodic platelet activation and coronary 
thrombosis. Thus, the biosynthesis of thrombox- 
ane A, which is largely derived from activated 
platelets, is increased, often coincident with 
chest pain. The major role of platelets in unstable 
angina may influence the response to plasmino- 
gen activators. Platelets increase the resistance 
of thrombi to lysis, by inducing clot retraction and 
cross-linking and by releasing inhibitors. Thus, 
coronary thrombi in unstable angina may be re- 
sistant to lysis. Furthermore, both t-PA and strep- 
tokinase cause platelet activation and thrombin 
formation in vivo, possibly via plasmin. Plasmin 
can activate platelets and factor V directly. These 
prothrombotic effects of plasminogen activators 
may limit their activity in unstable angina. At the 
very least, their therapeutic efficacy may be 
highly dependent on the coadministration of po- 
tent antiplatelet agents and anticoagulants. 
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the precipitating pathologic event is thrombo- 

sis at an atherosclerotic plaque in the coronary 
artery. In this respect, unstable angina is similar to 
acute myocardial infarction. However, in unstable 
angina there is evidence of continued platelet 
activation and thrombosis that results in recurrent 
ischemia and, in some cases, progression to acute 
myocardial infarction. There are a number of 
concerns about the use of thrombolytic agents in 
this setting. Firstly, plasminogen activators may 
aggravate the increase in platelet activity and 
therefore destabilize some patients. Secondly, acti- 
vated platelets may release inhibitors of plasmino- 
gen activators and impair thrombolysis. Finally, the 
platelet-rich clot of unstable angina may prove 
highly resistant to thrombolytic therapy. Conse- 
quently, optimal thrombolysis may only be achieved 
by coadministration of antiplatelet and anticoagu- 
lant therapies and by plasminogen activators that 
are resistant to platelets. 


[: the majority of patients with unstable angina, 


PLATELET ACTIVATION IN UNSTABLE ANGINA 
Pathologic and angiographic studies have dem- 
onstrated coronary thrombosis in many patients 
with unstable angina. These thrombi occur at a site 
of atherosclerotic narrowing and are rich in plate- 
lets." The coronary thrombi of acute myocardial 
infarction have a similar appearance close to the 
vessel wall, but they also extend proximally as a 
largely fibrin clot. In some cases of unstable angina, 
multiple thrombi of different ages have been found 
in the same coronary artery.’ This suggests a 
process that occurs over an extended period of 
time and is consistent with the recurrent episodes 
of myocardial ischemia reported by many patients. 
There is biochemical evidence of ongoing plate- 
let activation in many cases of unstable angina. We 
and others have shown that thromboxane A, (TxA,) 
biosynthesis is increased in patients with this condi- 
tion.** All known platelet agonists stimulate the 
release of arachidonic acid from platelet mem- 
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branes. This, in turn, is metabolized to TxA, by the 
enzyme cyclooxygenase. TxA, is not stored and 
very little is formed in vivo under normal condi- 
tions. Consequently, increased formation of throm- 
boxane is an index of platelet activation.” TxA, is 
highly unstable and is rapidly converted to a 
number of enzymatic metabolites that are excreted 
in urine.° Measurement of these metabolites pro- 
vides an estimate of the rate of TxA, formation in 
vivo. By repeatedly determining urinary excretion 
of these metabolites, it is possible to obtain a 
profile of platelet activation in a patient over a 
period of days. 

Patients with unstable angina excrete excessive 
amounts of the metabolites, 2,3-dinor-TxB, and 
11-dehydro-TxB,,** evidence that there is continu- 
ing platelet activation in vivo. The increase in 
metabolite excretion is episodic and frequently 
coincides with ischemic chest pain.’ Furthermore, 
in two patients with unstable angina, we demon- 
strated a marked increase in TxA, formation imme- 
diately prior to the development of acute myocar- 
dial infarction (Figure 1). Other evidence of platelet 
activation, including increased platelet turnover 
and platelet proteins in plasma, has been re- 
ported.” These data implicate platelets in the 
development of ischemia and acute myocardial 
infarction in unstable angina. It is possible that 
platelet activation occurring at a site of vessel 
narrowing results in intermittent thrombotic occlu- 
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sion, as has been demonstrated experimentally.’ 
Platelet activation has also been shown to induce 
vasoconstriction in vitro and following vascular 
injury in vivo through release of TxA,.”" 

What precipitates platelet activation in these 
patients is unknown. In the majority of cases, there 
is severe underlying coronary atherosclerosis and 
stenosis. Plaque rupture may be the initiating 
event, but thereafter the thrombus seems partially 
to stabilize and not propagate as it does in acute 
myocardial infarction. The main effect may be an 
abrupt worsening of the coronary stenosis. In- 
creased shear across this lesion combined with an 
abnormal vessel wall may result in intermittent 
platelet activation. Intermittent arterial occlusion 
by platelet aggregates at a site of severe stenosis 
has been demonstrated in a number of species, 
including nonhuman primates.’ Interestingly, this 
only occurs at high shear rates and with severe 
vascular injury. 


EFFECT OF PLASMINOGEN ACTIVATORS ON 
PLATELET FUNCTION 

Studies in animal models and in man have 
demonstrated evidence of platelet activation dur- 
ing the administration of plasminogen activa- 
tors.'** In patients with acute myocardial infarc- 
tion, both streptokinase and tissue-type plas- 
minogen activator (t-PA) increase TxA, forma- 
tion." The mechanism of this effect is uncertain. 
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FIGURE 1. Urinary excretion of dinor 
thromboxane B, (TXB,) and dinor-6- 
keto-prostagiandin F, (PGF), metabo- 
lites of TxA, and prostacyclin, respec- 
tively, in a patient with unstable angina 
that progressed to myocardial infarc- 
tion. CPK = creatine phosphokinase. 
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Plasmin has been reported both to inhibit” and, at 
higher concentrations, to activate platelets.'"° Plas- 
min activates platelet phospholipase C and induces 
platelet release and aggregation. Plasmin also acti- 
vates factor V transiently and increases formation 
of thrombin,” a potent platelet agonist. Finally, 
plasmin may release active thrombin that has been 
incorporated into the clot. Streptokinase activates 
platelets by a mechanism that is dependent on the 
presence of both streptokinase antibodies and 
plasminogen." It is possible that plasminogen bound 
to platelets concentrates antigen-antibody com- 
plex on the platelet surface and this in turn triggers 
activation. Finally, reperfusion of the injured vascu- 
lar bed may be an important mechanism of platelet 
activation in patients with acute myocardial infarc- 
tion. In experimental models, platelet activation is 
most marked after reperfusion has occurred.” 

The increase in platelet activation has a number 
of effects that may be detrimental in the setting of 
unstable angina. Activated platelets form a surface 
for the assembly of procoagulant enzyme-—cofactor 
complexes.” Platelet activation results in the in- 
creased expression of receptors for factor Va and 
the prothrombinase complex. As a result, prothrom- 
bin activation is greatly accelerated. Platelet aggre- 
gates concentrate the procoagulant activity, fur- 
ther enhancing its effectiveness. This may explain 
why inhibitors of platelet aggregation are highly 
effective in preventing thrombosis even in models 
where there is extensive fibrin formation.'*”' Plate- 
lets also protect procoagulant enzymes from inhibi- 
tion. Prothrombinase and thrombin on the platelet 
surface are only weakly inhibited by the heparin- 
_ antithrombin III complex.” Furthermore, platelets 
release a number of products, including platelet 
factor 4, that neutralize heparin.” Consistent with 
these findings, heparin has proved to be a relatively 
weak anticoagulant in the setting of thrombo- 
lysis.” 

An increase in thrombosis during coronary 
thrombolysis has been demonstrated in experimen- 
tal models. +3 Markedly increased plasma lev- 
els of fibrinopeptide A, a peptide cleaved from 
fibrinogen by thrombin, have been reported in 
patients receiving plasminogen activators,” suggest- 
ing that thrombin activation also occurs in man. 
The resulting thrombosis may add to the clot mass 
and delay lysis. In experimental models, antiplate- 
let and antithrombin agents accelerate coronary 
reperfusion induced by t-PA.” However, plate- 
let activation may impair lysis through other mech- 
anisms. Vaughan et al” have demonstrated that 
the release of radioactivity from a thrombus formed 


with '~I-fibrinogen is accelerated in vivo by the 
administration of prostaglandin E,, a potent anti- 
platelet agent. This suggests that ongoing platelet 
activation at the site of lysis interferes with the 
effects of a plasminogen activator in vivo, possibly 
through release of a specific inhibitor, as described 
later. 

Another consequence of enhanced thrombosis 
is occlusion of a patent vessel. In some experimen- 
tal models of coronary thrombosis, repeated epi- 
sodes of vessel occlusion occur following initial 
reperfusion despite continued administration of a 
plasminogen activator (Figure 2). Repeated epi- 
sodes of vascular occlusion have also been demon- 
strated angiographically” and electrocardiographi- 
cally.” In animal models, these episodes of 
reocclusion can be abolished by antiplatelet agents 
and by thrombin inhibitors.'*"* Platelets may also 
promote local vasospasm through formation of 
thrombin, which activates vascular smooth muscle 
cells,” and through release of vasoconstrictors. 
Local vasoconstriction mediated by serotonin and 
TxA, has been demonstrated during experimental 
coronary thrombolysis.’ Furthermore, recurrent 
episodes of ischemia during coronary thrombolysis 
in patients with acute myocardial infarction are 
abolished by intravenous nitroglycerin in 50% of 
cases.” 


EFFECT OF PLATELETS ON THROMBOLYSIS 

Platelet incorporation into thrombi reduces their 
sensitivity to plasminogen activators. Thus, the rate 
of lysis of thrombi formed using platelet-rich plasma 
is reduced by as much as 50% compared with 
platelet-free plasma, even at therapeutic concentra- 
tions of t-PA.*”* The rate of clot lysis in vivo is also 
dependent on the degree of platelet incorpora- 
tion.’ Thrombi formed by deep vessel injury are 
rich in platelets and are highly resistant to lysis. 
Possible mechanisms for this effect include the 
release of a plasminogen activator inhibitor, clot 
retraction, and increased cross-linking of the clot 
by platelet factor XIIa. 

Activated platelets release plasminogen activa- 
tor inhibitor type 1 (PAI-1), a rapidly acting serine 
protease inhibitor that complexes with and inacti- 
vates t-PA and urokinase.” The concentration of 
PAI-1 in platelet alpha granules is about 100-300 
ng/10° platelets. However, only 5% of platelet 
PAI-1 appears to be active, the remainder being in 
a latent form. Whether this can be reactivated in 
vivo is unknown. Activated platelets also release 
transforming growth factor beta, which stimulates 
the expression of PAI-1 (TGF,) in endothelial and 
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FIGURE 2. Coronary blood flow in the circumflex coronary artery of the dog after reperfusion with tissue-type plasmino- 
gen activator (t-PA). Coronary thrombosis was induced by passing a small current through a needle electrode chronically 
implanted in the artery. This resulted in thrombotic occlusion of the vessel (upper panel). Two hours later, reperfusion 
was Induced with t-PA and was complicated by multiple episodes of reocclusion despite continued administration of 


t-PA and heparinization (see Fitzgerald et al”) 


vascular smooth muscle cells.” The PAI-1 formed 
from these cells is probably in an active form. 
Therefore, in a platelet-rich thrombus, PAI-1 con- 
centrations may be very high. Studies in man have 
demonstrated persistently elevated levels of circu- 
lating tPA—PAI complexes following coronary 
thrombolysis for acute myocardial infarction.” How- 
ever, whether PAI-1 limits the effects of plasmino- 
gen activators at therapeutic concentrations is 
unknown. 

Platelets may impair lysis by inducing physical 
changes in the thrombus. Platelets form pseudopo- 
dia that bind extensively to the surface of fibrin 
strands and then contract, reducing the clot vol- 
ume by as much as 90%. Clot retraction may impair 
access of proteins, including t-PA and plasmino- 
gen, and impair lysis.” Thus, in vitro, the inhibitory 
effects of platelets on clot lysis can be completely 
reversed by cytochalasin D, which prevents actin 
polymerization and platelet-mediated clot retrac- 
tion. Similar effects are seen by platelet fixation or 
by pretreatment with a F(ab’), fragment of an 


antibody, 7E3, to the platelet glycoprotein IIb/ 
Ia,” which is required for platelet—fibrin interac- 
tions.” Whether clot retraction occurs in vivo is 
uncertain. However, contractile proteins constitute 
50% of platelet proteins, suggesting that they are 
of physiologic importance. 

Platelets are also a rich source of factor XIII, 
accounting for 50% of this factor in whole blood 
and perhaps as much as 90% in a platelet-rich 
thrombus. Factor XIII is activated by thrombin and 
cross-links fibrin fibers. Cross-linked fibrin is re- 
quired for clot retraction and is less sensitive to 
digestion by plasmin.” Fibrin cross-linking pro- 
gresses rapidly at concentrations of factor XIIa 
present in plasma. However, more extensive cross- 
linking occurs, albeit slowly, at higher concentra- 
tions. Factor XIIa also cross-links fibrin and 
a,-antiplasmin, a rapidly acting inhibitor of plas- 
min. Recent experiments demonstrate that admin- 
istration of a factor XIa inhibitor during clot 
formation in vivo accelerates the response to exog- 
enous plasminogen activators." 
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ADJUNCTIVE ANTIPLATELET AND 
ANTICOAGULANT THERAPIES 

There is strong experimental evidence that the 
response to plasminogen activators can be en- 
hanced by coadministration of platelet and throm- 
bin inhibitors.’**'*” Antiplatelet agents shorten 
the time to reperfusion in experimental models of 
thrombotic coronary occlusion. This may reflect 
inhibition of thrombosis, since a similar response is 
seen with thrombin inhibitors.” Furthermore, plas- 
minogen activators that induce a marked systemic 
lytic, and therefore anticoagulant, effect are less 
sensitive to antiplatelet agents.” Alternatively, an- 
tiplatelet agents may prevent inactivation of plasmi- 
nogen activators by platelet products, such as 
PAI-1. Antiplatelet agents and thrombin inhibitors 
also prevent coronary occlusion following initial 
reperfusion. 

There is some clinical data to support the use of 
platelet inhibitors during thrombolytic therapy in 
man. In the Second International Study on Infarct 
Survival (ISIS-2) study of streptokinase in > 17,000 
patients with suspected acute myocardial infarc- 
tion, a further reduction in mortality was demon- 
strated in patients who also received aspirin.” This 
is consistent with experimental data demonstrating 
that TxA, is a major platelet activator in this 
setting’ and with evidence of increased thrombox- 
ane biosynthesis in patients receiving streptoki- 
nase.” There is evidence that platelet activation is 
also mediated by agonists other than TxA, during 
coronary thrombolysis.*’* Consequently, even 
greater effects may be achieved with antiplatelet 
agents with a broader spectrum of activity. 

Less clear-cut is the role of thrombin inhibitors 
in man. In the ISIS-2 study, patients were not 
randomized for the use of heparin.” Physicians 
simply indicated at the time of entry whether the 
patient would receive the anticoagulant and by 
what route. Interestingly, however, there was a 
further reduction in mortality in those patients 
receiving heparin, particularly when given intrave- 
nously (Table I). It was also noted that heparin 
increased the rate of serious bleeding, whereas the 
frequency was unaltered by aspirin (Table II). In 
the Second Grupo Italiano per lo Studio della 
Streptochinasi Nell Infart Miocardico trial, pa- 
tients with acute myocardial infarction were ran- 
domly assigned to subcutaneous heparin beginning 
24 hours after administration of t-PA or streptoki- 
_ nase.” No significant improvement in mortality or 
recurrent ischemia was seen, although the rate of 
bleeding was increased. However, it is worth noting 





TABLE I Mortality at 5 Weeks After the Administration of 
Streptokinase (SK) and Aspirin (ASA) in the ISIS-2 Study 


SK/ASA 













Planned Placebo/ Placebo 










66/1,024 (6.4%) 134/1,023 (13.1%) 
Heparin, subcutaneous 137/1,805 (7.6%) 243/1,800 (13.5%) 


No heparin 140/1,463 (9.6%) 191/1,477 (12.9%) 


Note that there was a lower mortality in patients receiving heparin in addition to SK 
and ASA. 
TABLE II Bleeding Complications in the ISIS-2 Study 


Major (%) Minor (%) 


Heparin, intravenous 










No treatment 0.3 1.0 







SK + ASA 0.3 25 
SK + heparin subcutaneous 0.7 3.6 
SK + heparin intravenous 1.0 6.3 







Note that heparin increased the risk of major and minor bleeding. SK = streptoki- 
nase; ASA = aspirin. 






that only a minor effect was detected with subcuta- 
neous heparin in the ISIS-2 study. A greater effect 
may have occurred with higher doses given intrave- 
nously at the time of administration of the throm- 
bolytic agent. 

The equivocal results with heparin may reflect 
its relatively weak activity as a thrombin inhibitor 
in the setting of thrombolysis. Heparin may be 
inactivated by platelet products” and is a poor 
inhibitor of fibrin-bound thrombin. Heparin also 
increases the bleeding time to an extent that is 
unrelated to its anticoagulant activity.” This sug- 
gests that heparin has an independent antiplatelet 
effect that may account in part for the increased 
rate of bleeding with this compound. Specific 
thrombin inhibitors, such as hirudin and arga- 
troban, have proved more effective than heparin in 
an animal model of thrombolysis.” Furthermore, 
argatroban does not prolong the bleeding time, 
even in subjects taking aspirin.” Therefore, the full 
potential of adjunctive antithrombin therapy dur- 
ing coronary thrombolysis may not yet have been 
realized. 


THROMBOLYTIC THERAPY IN 
UNSTABLE ANGINA 

The majority of cases of unstable angina resolve 
spontaneously, particularly when treated with aspi- 
rin and heparin.” In these patients, thrombolytic 
therapy might decrease the degree of residual 
stenosis. This may reduce the risk of subsequent 
infarction and obviate the need for other revascu- 
larization procedures. Some patients have persis- 
tent episodes of ischemia despite therapy and are 
at a very high risk of myocardial infarction. Throm- 
bolytic therapy may abolish these episodes either 
through partial resolution of the stenosis or by 
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preventing intermittent thrombosis, as has been 
demonstrated experimentally in a canine model.* 

However, thrombolytic therapy may aggravate 
platelet activation, which in turn may impair lysis 
and precipitate thrombosis. Furthermore, the 
thrombi of unstable angina may be highly resistant 
to lysis as a result of their high platelet content and 
their age. Optimal lysis in this condition may 
require the development of plasminogen activators 
resistant to the inhibitory effects of platelets. One 
approach has been the development of t-PA mu- 
tants that are insensitive to PAI-1.” PAI-1 inter- 
acts with a highly charged region centered around 
residue 298 on the light chain of t-PA, in addition 
to the active site. Mutations of this region result in 
plasminogen activators that react weakly with PAI-1 
but retain their enzymatic activity. Whether these 
compounds will have increased efficiency in vivo is 
unknown. Optimal lysis may also depend on the 
coadministration of antiplatelet agents and throm- 
bin inhibitors. There is evidence that combining a 
TxA, and a thrombin inhibitor is more effective 
than either drug alone in preventing platelet activa- 
tion during thrombolysis.” This suggests that multi- 
ple platelet agonists are involved and that more 
potent agents with a broader spectrum of antiplate- 
let effects may be necessary to demonstrate the full 
potential of thrombolytic therapy in unstable an- 
gina. 


REFERENCES 

1. Davies MJ, Thomas AC, Knapman PA, Hangartner JR. Intramyocardial 
platelet aggregation in patients with unstable angina suffering sudden ischemic 
cardiac death. Circulation 1986;73:418-427. 

2. Falk E. Unstable angina with fatal outcome: dynamic coronary stenosis leading 
to infarction and/or sudden death: autopsy evidence of recurrent mural thrombo- 
sis with peripheral embolization culminating in total vascular occlusion. Circula- 
tion 1985;71:699-708. 

3. Fitzgerald DJ, Roy L, Catella F, FitzGerald GA. Platelet activation in unstable 
coronary disease. N Engl J Med 1986;315:983-989. 

4. Vejar M, Fragasso G, Hackett D, Lipkin DP, Maseri A, Born GV, Ciabattoni 
G, Patrono C. Dissociation of platelet activation and spontaneous myocardial 
ischemia in unstable angina. Thromb Haemost 1990;63:163-168. 

5. FitzGerald GA, Pedersen AK, Patrono C. Analysis of thromboxane and 
prostacyclin biosynthesis in cardiovascular disease. Circulation 1983;67;1174-1175S. 
6. Roberts LJ, Sweetman BJ, Oates JA. Metabolism of thromboxane B, in man. J 
Biol Chem 1981;256:8384-8391. 

7. Kaplan K, Owen J. Plasma levels of B-thromboglobulin and platelet factor 4 as 
indices of platelet activation in vivo. Blood 1981;57:199-202. 

8. Sobel M, Salzman EW, Davies CG, et al. Circulating platelet products in 
unstable angina pectoris. Circulation 1981;63:300-306. 

9. Folts JD, Gallagher K, Rowe GG. Blood flow reductions in stenosed coronary 
arteries: vasospasm or platelet aggregation? Circulation 1985;65:248-255. 

10. Houston DS, Shepherd JT, Vanhoutte PM. Aggregating human platelets 
cause direct contraction and endothelium-dependent relaxation of isolated canine 
coronary arteries. J Clin Invest 1986;78:539-544. 

11. Lam JYT, Cheseboro JH, Steele PM, Fuster V. Is vasospasm related to 
platelet deposition? In vivo relationship in a pig model of arterial injury. 
Circulation 1987;75:243-248. 

12. Fitzgerald DJ, Wright F, FitzGerald GA. Increased thromboxane biosynthe- 
sis during coronary thrombolysis: evidence that platelet activation and thrombox- 





ane A, modulate the response to tissue-type plasminogen activator. Circ Res 
1989;65:83-94. 

13. Fitzgerald DJ, Catella F, Roy L, FitzGerald GA. Marked platelet activation 
in vivo after intravenous streptokinase. Circulation 1988;77:142-150. 

14. Kerins DM, Roy L, FitzGerald GA, Fitzgerald DJ. Platelet and vascular 
function during coronary thrombolysis with tissue-type plasminogen activator. 
Circulation 1989;80:1718-1725. 

15. Schafer AI, Adelman B. Plasmin inhibition of platelet function and of 
arachidonic acid metabolism. J Clin Invest 1985;75:456-461. 

16. Schafer AL, Maas AK, Ware A, Johnson PC, Rittenhouse SE, Salzman EW. 
Platelet protein phosphorylation, elevation of cytosolic calcium, and inositol 
phospholipid breakdown in platelet activation induced by plasmin. J Clin Invest 
1986;78:73-79. 

17. Lee CD, Mann KG. Activation/inactivation of human factor V by plasmin. 
Blood 1989;73:185-190. 

18. Vaughan DE, Van Houtte E, Declerck PJ, Van der Werf F, Collen D. 
Prevalence and mechanism of streptokinase-induced platelet aggregation. Circula- 
tion 1989b;80:11-218. 

19. Fitzgerald DJ, FitzGerald GA. Antiplatelet and anticoagulant therapy during 
coronary thrombolysis. Trends Cardiovasc Med 1990;108:29-35. 

20. Miletich JP, Jackson CM, Majerus PW. Interaction of coagulation factor Xa 
with human platelets. Proc Natl Acad Sci USA 1977;74:4033. 

21 Fitzgerald DJ, FitzGerald GA. Role of thrombin and thromboxane A, in 
reocclusion following coronary thrombolysis with tissue-type plasminogen activa- 
tor. Proc Natl Acad Sci USA 1989;86:7585—7589. 

22. Teitch JM, Rosenberg RD. Protection of factor Xa from neutralization by 
heparin-antithrombin complex. J Clin Invest 1983;71:1383-1391. 

23. Bock PE, Luscombe M, Marshall SE, Pepper DS, Holbrook JJ. Heparin-PF4. 
Biochem J 1980;191:769-776. 

24. Golino P, Ashton JH, Glas-Greenwalt P, McNatt J, Buja LM, Willerson JT. 
Mediation of reocclusion by thromboxane A, and serotonin after thrombolysis 
with tissue-type plasminogen activator in a canine preparation of coronary 
thrombosis. Circulation 1988;77:678-674. 

25. Gold HK, Coller BS, Yasuda T, Saito T, Fallon JT, Guerrero JL, Leinbach 
RC, Ziskind AA, Collen D. Rapid and sustained coronary artery recanalization 
with combined bolus injection of recombinant tissue-type plasminogen activator 
and monoclonal antiplatelet GPIIb/IIIa antibody in a canine preparation. 
Circulation 1988;77:670-677. 

26. Eisenberg PR, Sherman LA, Jaffe AS. Paradoxic elevation of fibrinopeptide 
A after streptokinase: evidence for continued thrombosis despite intense fibrino- 
lysis. J Am Coll Cardiol 1987;10:527-529. 

27. Vaughan DE, Plavin SR, Schafer AI, Loscalzo J. PGE, accelerates thrombo- 
lysis by tissue plasminogen activator. Blood 1989;73:1213-1217. 

28. Grines CL, Topol EJ, Bates ER, Juni JE, Walton JA, O’Neill WW. Infarct 
vessel status after intravenous tissue plasminogen activator and acute coronary 
angioplasty: prediction of clinical outcome. Am Heart J 1988;115:1-7. 

29. Hackett D, Davies G, Chierchia S, Maseri A. Intermittent coronary occlusion 
in acute myocardial infarction. Value of combined thrombolytic and vasodilator 
therapy. N Engl J Med 1987;317:1055-1059. 

30. Fareed J, Kindel G, Kumar A. Modulation of smooth muscle responses by 
serine proteases and related enzymes. Semin Thromb Hemost 1986;12:265-276. 
31 Golino P, Ashton JH, McNatt J, Glas-Greenwalt P, Sheng-Kun Y, O’Brien 
RA, Buja LM, Willerson JT. Simultaneous administration of thromboxane A,- 
and serotonin S,-receptor antagonists markedly enhances thrombolysis and 
prevents or delays reocclusion after tissue-type plasminogen activator in a canine 
model of coronary thrombosis. Circulation 1989;79:911-919. 

32. Gurevich V, Pannell R. A comparative study of the efficacy and specificity of 
tissue plasminogen activator and pro-urokinase: demonstration of synergism and 
of different thresholds of non-selectivity. Thromb Res 1986;44:217-228. 

33. Kunitada S, FitzGerald GA, Fitzgerald DJ. Decreased binding of tissue-type 
plasminogen activator to human thrombi rich in platelets (abstr). Clin Res 
1990;38:470A. 

34. Jang IK, Gold HK, Ziskind AA, Fallon JT, Holt RE, Leinbach RC, May JW, 
Collen D. Differential sensitivity of erythrocyte-rich and platelet-rich arterial 
thrombi to lysis with recombinant tissue-type plasminogen activator. Circulation 
1989;79:920-928. 

35. Loskutoff DJ. Type 1 plasminogen activator inhibitor and its potential 
influence on thrombolytic therapy. Semin Thromb Hemost 1988;14:100-109, 

36. Declerck PJ, Alessi M-C, Verstreken M, Kruithof EKO, Juhan-Vague I, 
Collen D. Measurement of plasminogen activator inhibitor 1 in biologic fluids 
with a murine monoclonal antibody-based enzyme-linked immunosorbent assay. 
Blood 1988;71:220-225. 

37. Lucore CL, Sobel BE. Interactions of tissue-type plasminogen activator with 
plasma inhibitors and their pharmacologic implications. Circulation 1988;77:660— 
669. 


56B THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 SEPTEMBER 3, 1991 








38. Coller BS. A new murine monoclonal antibody reports an activation- 
dependent change in the conformation and/or microenvironment of the platelet- 
GPIIb/IHa complex. J Clin Invest 1985;76:101-108. 

39. Cohen I, Burck DL, White JG. The effect of peptides and monoclonal 
antibodies that bind to platelet glycoprotein IIb-IIla complex on the development 
of clot tension. Blood 1989;73:1880-1887. 

40. Francis CW, Marder VJ. Increased resistance to plasmic degradation of fibrin 
with highly crosslinked a-polymer chains formed at high factor XIII concentra- 
tions. Blood 1988;71:1361-136S. 

41. Shebuski RJ, Sitko GR, Claremon DA, Baldwin JJ, Remy DC, Stern, AM. 
Inhibition of Factor XIII a in a canine model of coronary thrombosis: effect on 
reperfusion and acute reocclusion after recombinant tissue-type plasminogen 
activator. Blood 1990;75:1455-1459. 

42. Fitzgerald DJ, Hanson M, FitzGerald GA. Systemic lysis protects against the 
effects of platelet activation during coronary thrombolysis. J Clin Invest 1991; (in 
press). 

43. Second International Study on Infarct Survival (ISIS-2) Collaborative Group. 
Randomized trial of intravenous streptokinase, oral aspirin both or neither in 
17,187 cases of acute myocardial infarction: ISIS-2. Lancet 1988;2:349-360. 


44. Gruppo Italiano per lo Studio della Sopravivenza nell’Infarcto Miocardico. 
GISSI-2: A factorial randomized trial of alteplase versus streptokinase and 
heparin versus no heparin among 12 490 patients with acute myocardial infarc- 
tion. Lancet 1990;336:65—70. 

45. Heiden D, Mielke CH, Rodvien R. Impairment of heparin of primary 
hemostasis and platelet ['*C]5-hydroxytryptamine release. Br J Haematol 1977;36: 
427-435. 

46. Clarke R, May G, FitzGerald GA, Fitzgerald DJ. The clinical pharmacology 
of argatroban, a specific thrombin inhibitor. Circulation 1991;83:1510-1518. 

47. Theroux P, Ouimet H, McCans J, Latour JG, Joly P, Levy G, Pelletier E, 
Juneau M, Stasiak J de Guise P, Pelletier GB, Rinzler D, Waters DD. Aspirin, 
heparin or both to treat acute unstable angina. N Engl J Med 1988;319:1105-1111. 
48. Folts JD, Schwartz BS, Kroll M, Schafer AI. Inhibition of platelet thrombus 
formation in stenosed dog coronary arteries by streptokinase. Circulation 1988;78: 
I]-313. 

49. Madison EL, Goldsmith EJ, Gerard RD, Gething MH, Sambrook JF. 
Serpin-resistant mutants of human tissue-type plasminogen activator. Nature 
1989;339:721-724. 


A SYMPOSIUM: MANAGEMENT OF UNSTABLE ANGINA 57B 








Fibrinopeptide A Excretion in Urine: A Marker of 
the Cumulative Thrombin Activity in Stable 
Versus Unstable Angina Patients 


Diego Ardissino, mD, Maria Grazia Gamba, mp, Piera Angelica Merlini, MD, 
Alberto Rolla, mp, Paolo Barberis, mD, Gloria Demicheli, mD, Sophie Testa, MD, 
Nicola Bruno, MD, and Giuseppe Specchia, MD 





Plasma levels and 24-hour urine excretion of fi- 
brinopeptide A were measured in a consecutive 
series of 179 patients with angina pectoris. Sixty- 
four patients had stable angina and 115 patients 
had unstable angina. Urine was collected over 24 
hours the day before coronary arteriography, and 
blood samples were taken at the end of urine col- 
lection. When the values of fibrinopeptide A in 
plasma and in the 24-hour urine specimens were 
compared, no significant correlation was found in 
patients with either stable (rs = 0.16, difference 
not significant) and unstable (rs = 0.07, differ- 
ence not significant) angina. The concentrations 
of fibrinopeptide A in the plasma did not differ 
significantly when patients with stable angina 
(range 0.1 to 82.6, median 7.4 ng/mL) were com- 
pared with patients with unstable angina (range 
0.2 to 61.7, median 14 ng/mL, p = 0.055), 
whereas fibrinopeptide A 24-hour urinary excre- 
tion was significantly higher in patients with un- 
stable angina (range 0.3 to 38.1, median 118 
ug/24 hr) than in patients with stable angina 
(range 0.4 to 38.1, median 3.8 ,g/24 hr, 

p <0.001). Twenty-four-hour urine excretion of 
fibrinopeptide A in patients with unstable angina 
and angiographically documented intracoronary 
thrombi were higher than the corresponding val- 
ues in patients with unstable angina without such 
angiographic characteristic (p < 0.001). The larg- 
est increase in plasma and urine concentration of 
fibrinopeptide A was observed in patients whose 
first episode of angina at rest occurred within the 
previous 48 hours. We conclude that the cumula- 
tive thrombin activity, assessed by 24-hour uri- 
nary excretion of fibrinopeptide A, is a more use- 
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ful index, compared with single fibrinopeptide A 
measurement in plasma, for discriminating be- 
tween patients with stable and with unstable an- 
gina pectoris. 

(Am J Cardiol 1991;68:58B-—631B) 


4 : The pathophysiology of unstable angina is 
complex but in most patients it appears to 
involve an interaction between fixed athero- 

sclerotic coronary stenosis and dynamic coronary 

obstruction mediated by either coronary vasocon- 
striction or transient thrombotic occlusion. The 
hypothesis that the process of plaque complication 
and thrombus formation is an important pathoge- 
netic mechanism of unstable angina has been 
strongly supported by results obtained using recent 
technical improvements, such as serial coronary 
arteriography’ and high resolution fiberoptic angio- 
scopy, and by histopathologic and histochemical 
studies.** Biochemical markers of active throm- 
botic process have also been documented in pa- 
tients with acute coronary syndromes.”* Plasma 
fibrinopeptide A, a sensitive and specific index of 
thrombin activity, has been reported to be elevated 
in patients with acute myocardial infarction and 
unstable angina pectoris.~’ However, because of 
the short half-life of fibrinopeptide A (3 to 5 
minutes), single measurements in plasma provide 
data relevant only to a short time period,*® and 
this could be a limitation in the setting of unstable 
angina where the intermittency of thrombus forma- 
tion has been clearly documented.’ Moreover, 
plasma measurements of fibrinopeptide A are 
subject to sampling and analytic errors due to 
venipuncture artifacts or to dilutional effect." For 
these considerations, we studied prospectively pa- 
tients with stable and unstable angina pectoris 
using a noninvasive method that assesses the cumu- 
lative effect of thrombin action on fibrinogen and 
avoids sampling problems—that is, measurement 
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of the amount of fibrinopeptide A excretion in 
24-hour urine. In addition, we compared fibri- 
nopeptide A 24-hour excretion of different subsets 
of patients with unstable angina to determine 
whether thrombin generation simply reflects fre- 
quent venipuncture and possibly other factors 
associated with intensive care or it is a specific 
finding related to intracoronary thrombus forma- 
tion. 


METHODS 

Study population: The study population con- 
sisted of 179 consecutive patients who were hospi- 
talized in our institution with a clinical diagnosis of 
either stable or unstable angina pectoris. Patients 
with unstable angina were admitted in the coro- 
nary care unit, whereas patients with stable angina 
were referred to the Cardiology Department for 
elective coronary catheterization. The diagnosis of 
stable and unstable angina was made indepen- 
dently by 2 experienced cardiologists who were 
unaware of the results of the biochemical analysis. 

Unstable angina was defined as: (1) chest pain 
of recent onset; (2) sudden worsening of preexist- 
ing stable angina or postinfarction angina develop- 
ing after an asymptomatic period of >12 weeks 
and classified as Canadian Cardiovascular Society 
functional class II-IV. Prerequisite for the inclu- 
sion in the study was the occurrence of chest pain 
at rest associated with transient repolarization 
changes (ST-segment depression or elevation of 
> 1mm, 80 ms after the J point or pseudonormal- 
ization of previously negative T waves). Within the 
group of patients with unstable angina, 25 patients 
were identified as having Prinzmetal’s angina by 
the following characteristics: chest pain at rest 
promptly relieved by nitroglycerin and objective 
demonstration of transient ST-segment elevation 
during spontaneous attacks. Patients whose first 
episode of angina at rest occurred within the 
previous 48 hours were classified as having acute 
unstable angina. 

The following 3 characteristics were required 
for the diagnosis of stable angina: (1) history of 
typical chest pain induced by exercise or usual daily 
activity and lasting >6 months; (2) positive exer- 
cise stress test, defined as the occurrence of ST- 
segment depression or elevation of > 1 mm, 80 ms 
after the J point, with or without chest pain: and 
(3) angiographically documented coronary artery 
disease. 

Exclusions: Patients with the following condi- 
= tions were excluded from the study: (1) concomi- 
tant peripheral vascular disorders or valvular heart 
disease (29 patients); (2) status of postcoronary 


artery bypass surgery or coronary angioplasty (31 
patients); (3) Q-wave myocardial infarction within 
the previous 6 months (22 patients); (4) disorder of 
hemostasis (2 patients); (4) proteinuria or chronic 
renal failure (3 patients); (5) hematuria (17 pa- 
tients); (5) other conditions known to increase 
fibrinopeptide A levels, such as malignancy, infec- 
tions and chronic inflammatory disease (3 pa- 
tients). Patients were also excluded from the study 
if they were taking anticoagulants. 

Study design: After determination of elegibil- 
ity, all patients underwent 24-hour urine collection 
at the end of which a blood sample was taken and 
coronary arteriography was performed. All pa- 
tients in this protocol were followed until they were 
discharged or until another procedure, such as 
angioplasty or coronary bypass surgery, was per- 
formed. All patients who entered the study gave 
full informed consent and the study protocol was 
approved by the Institutional Committees. 

Sample collection and processing: 

BLOOD: All samples were collected immediately 
before coronary arteriography by the same investi- 
gator, who was unaware of the clinical diagnosis. 
By means of clean venipuncture, using a 19 gauge 
needle, without tourniquet and with minimal stasis, 
the first 3 ml of venous blood was discarded, after 
which 9 ml of venous blood was drawn into plastic 
tubes containing 0.1 ml of fibrinopeptide A antico- 
agulant supplied by the manufacturer of the assay 
kit. Samples were immediately stored in ice and 
centrifuged at 2000 g for 20 minutes to obtain 
platelet-poor plasma and frozen at —70°C. Fibrin- 
opeptide A was measured in paired samples run in 
duplicate using commercial radioimmunoassay kits 
(RIA-mat FPA, Mallinckrodt Diagnostica, St Louis, 
Missouri). The procedures outlined by the manu- 
facturer were followed. Results are expressed as 
average of the paired samples. Assays of fibrinopep- 
tide A in our laboratory obtained from 18 control 
subjects selected from among patients hospitalized 
for electrophysiologic evaluation without clinical 
evidence of coronary artery disease gave a mean 
value of 4.5 + 2.36 ng/ml. 

URINE: Urine was collected over a 24-hour 
period. The collection started the day before coro- 
nary arteriography and ended immediately before 
blood sampling. Urine volume and pH were re- 
corded and all samples were tested for the pres- 
ence of blood or protein and immediately stored at 
—70°C. Before fibrinopeptide A determination, 
pH was corrected to 8.0 by adding hydrochloric 
acid 1 M or sodium hydroxide 1 M. Urine was 
assayed in paired samples for fibrinopeptide A in 
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the same way as for plasma except that bentonite 
absorption was omitted. Results are expressed as 
the amount of 24-hour fibrinopeptide A urinary 
excretion obtained by multiplying the average of 
the paired samples with the urine volume. Fibrin- 
opeptide A 24-hour urinary excretion in control 
patients gave a mean value of 6.42 + 3.10 wg/24 hr. 
The correlation coefficient of plasma and urinary 
fibrinopeptide A was rs = 0.65 (p = 0.003). 

Coronary angiography: Selective coronary arte- 
riography was performed using standard Sones’ or 
Judkins’ technique. Narrowing more than 70% was 
considered significant coronary stenosis. Left main 
coronary stenosis >50% was considered signifi- 
cant. Patients were classified as having 1-, 2- or 
3-vessel disease according to the number of vessels 
with significant stenosis. Qualitative morphologic 
analysis of the lesions was performed using the 
method of Ambrose et al? by two experienced 
cardiologists who were blinded with respect to the 
biochemical results. In addition to lesion classifica- 
tion an attempt was made to identify intracoronary 
thrombi defined as spherical ovoid or irregular 
intraluminal filling defects surrounded at least on 
three sides by contrast medium just distal to or 
within a coronary stenosis.” In instances of disagree- 
ment between the two observers, intracoronary 
thrombus was recorded as absent. 

Statistical analysis: The clinical and angio- 
graphic characteristics of the two study groups 
described in Table I were compared by the un- 
paired Student ¢ test for continuous data and by the 
chi-square test for categorical data. The fibrinopep- 
tide A plasma and 24-hour urinary levels were 
initially assessed for normality and were found not 
to be normally distributed. The data were than 
analyzed by the Mann-Whitney U test. Correlation 


TABLE I Clinical and Angiographic Characteristics of Patients 
with Stable and Unstable Angina 


Stable Unstable 
Angina Angina 
(n= 64) (n= 115) 






















Characteristics p Value 





Age (years) 57 +9 59+9 NS 

Male (%) 46 (72) 87 (76) NS 

Prior myocardial infarction,n(%) 27 (42) 41 (36) NS 

Prinzmetal’s angina, n (%) —— 25 (22) 

First anginal attack within the — 31 (27) 
preceding 48 hours, n (%) 

Diseased vessels, n (%) 
0 O (0) 5 (5) NS 
1 17 (27) 43 (37) NS 
2 21 (33) 36 (31) NS 
3 26 (40) 30 (26) NS 
Left main stenosis 2 (3) 6 (5) NS 

Intracoronary thrombi, n (%) 9 (14) 39 (34) <0.01 





NS = difference not significant. 





between urinary and plasma fibrinopeptide A was 
performed by using the Spearman test. A differ- 
ence is described as significant if the p value is 
<0).05. 


RESULTS 

The clinical and angiographic characteristics of 
the 179 patients constituting the study population 
are shown in Table I. Sixty-four patients had stable 
angina pectoris, and the remaining 115 patients 
were classified as having unstable angina. In 7 
stable and in 6 unstable angina patients, blood 
samples were technically inadequate and the re- 
sults were excluded from the analysis. The concen- 
trations of fibrinopeptide A in the plasma did not 
differed significantly when the stable patients (range 
0.1 to 82.6, median 7.4 ng/ml) were compared with 
patients with unstable angina (range 0.2 to 61.7, 
median 14 ng/ml, p = 0.055), whereas fibrinopep- 
tide A 24-hour urinary excretion was significantly 
higher in patients with unstable angina (range 0.3 
to 38.1, median 11.8 ug/24 hr) than in patients with 
stable angina (range 0.4 to 38.1, median 3.8 wg/24 
hr; p <0.001) (Figure 1). No correlation was found 
between plasma fibrinopeptide A and urinary excre- 
tion of fibrinopeptide A either in stable (rs = 0.16, 
p = 0.23) or unstable patients (rs = 0.07, p = 0.46) 
(Figure 2). Unstable angina patients were then 
separated into different subgroups according to the 
presence or absence of Prinzmetal’s angina, angio- 
graphic evidence of intracoronary thrombi or acute 
unstable angina. The fibrinopeptide A plasma 
levels were found significantly higher in patients 
with acute unstable angina when compared witk 
those without such characteristic (p = 0.02). Fibrin- 
opeptide A urinary excretion was significantly lowe1 
in patients with Prinzmetal’s angina (p <0.001) 
and higher in patients with angiographic evidence 
of intracoronary thrombi (p <0.001) as well as in 
patients with acute unstable angina (p <0.001) 
(Table II). Thirty-four percent of the patients witk 
unstable angina had angiographic evidence of intra: 
coronary thrombi compared with 14% of those 
with stable angina. The prevalence of intracoro- 
nary thrombi was 70% in patients with acute 
unstable angina. In the 9 patients with stable 
angina and coronary thrombi urinary fibrinopep: 
tide A was significantly higher (range 3.7 to 38.1 
median 21.9 wg/24 hr) when compared with pa. 
tients with stable angina without such angiographic 
characteristic (range 0.4 to 25.9, median 3.6 wg/2¢ 
hr) (p = 0.005) but similar to the values of patient: 
with unstable angina and angiographic evidence o: 
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FIGURE 1. Plasma concentrations and 24-hour urinary excretion of fibrinopeptide A (FPA) in patients with stable (O) and 
unstable (@) angina pectoris. 





thrombus (range 2.4 to 38.1, median 21.3 ug/24hr) thrombosis and the detection of an ongoing throm- 


(difference not significant). botic process could serve to indicate the need for 
an aggressive antithrombotic regimen. However, at 
DISCUSSION present a reliable routine technique for the identi- 


Plasma versus urinary levels of fibrinopep- fication of intracoronary thrombi in humans is not 
tide A: The syndrome of unstable angina appears available. Coronary arteriography, which is com- 
to be frequently associated with intracoronary monly used to visualize thrombi, has been reported 
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FIGURE 2. Correlations between plasma concentrations and 24-hour urinary excretion of fibrinopeptide A (FPA) in pa- 
tients with stable (O) and unstable (@) angina pectoris. NS = difference not significant. 
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TABLE II Plasma levels and 24-Hour Urinary Excretion of Fibrinopeptide A (FPA) in Different Subgroups of Patients with Unstable 
Angina Pectoris 
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Patients (n) 25 90 





Plasma FPA (ng/ml) 

Range 0.2—58.6 0.5-61.7 1.6—46.7 0.2-61.7 0.2-61.7 1.2-60.3 
Median 17.7 13.4 p=NS 14.3 14 p=NS 1A :7 18.9 p=0.02 
Urinary FPA (yg/24 hr) 

Range 0.3-—37.7 1.1—38.1 2.4—38.1 0.3-34.5 1.8—38.1 0.3-—34.5 
Median 2.8 14.3 p=0.001 21.3 6.9 p=0.001 23.3 7.5 p=0.001 


























to underestimate their real prevalence.’ Biochemi- 
cal markers of activation of the coagulation system 
are of interest to determine noninvasively the 
activity of thrombus formation. Several studies” 
have evaluated various biochemical markers of 
thrombin generation in patients with coronary 
artery disease, but at present their value remains 
controversial." Fibrinopeptide A, a breakdown 
product of the conversion of fibrinogen to fibrin, 
has been reported to be increased in the plasma of 
some patients with unstable angina.”’ However, 
plasma measurements of fibrinopeptide A are 
subject to artifacts during sampling’ and provide 
data relevant only to a limited time period due to 
the short half-life of the peptide.”® These diffi- 
culties may be overcome by studying urine sam- 
ples." In normal persons 0.5% to 1% of the 
fibrinopeptide A produced is rapidly cleared into 
urine, where it is measurable by radioimmunoassay 
technique, and the amount of urine excretion 
correlates with simultaneously obtained plasma 
levels.'°'® Spot urine” fibrinopeptide A levels de- 
tect acute changes of thrombin activity, whereas 
24-hour urine excretion provides a cumulative 
measure of overall thrombin action on fibrinogen. 
In the present study a correlation between plasma 
levels and 24-hour urinary excretion of fibrinopep- 
tide A was found only in normal subjects and not in 
patients with stable and unstable angina. It is 
possible to hypothesize that in patients with coro- 
nary artery disease activation of the coagulation 
system may occur intermittently; thus, episodic 
determinations of fibrinopeptide A do not reflect 
the overall fibrin formation in vivo. 

Cumulative thrombin activity in unstable an- 
gina: This study shows that the 24-hour urinary 
excretion of fibrinopeptide A was higher in pa- 
tients with unstable angina compared with that in a 
control population of patients with stable angina. 
Plasma fibrinopeptide A levels did not differ be- 
tween the two groups. These observations suggest 
that the cumulative thrombin activity is a more 
useful index to discriminate between various clini- 


cal forms of angina pectoris, although the wide 
overlap does not allow any conclusion to be drawn 
for a particular patient. The finding that plasma 
levels of fibrinopeptide A are not significantly 
different in patients with stable and unstable an- 
gina is in contrast with previous studies. This 
discrepancy may be explained by the fact that our 
population consisted of a consecutive series of 
patients with a diagnosis of unstable angina, includ- 
ing patients with Prinzmetal’s and changing pat- 
tern angina. The lack of selection may have ac- 
counted for the wide variability of activation of the 
coagulation system observed within the group. The 
subset of patients with unstable angina and angio- 
graphically documented intracoronary thrombi had 
higher values of thrombin generation reflected by 
increased plasma levels and urinary excretion of 
fibrinopeptide A. High values were also found in 
patients with stable angina and intracoronary 
thrombi. These observations, together with the 
finding that in patients with vasospastic angina, i.e., 
Prinzmetal’s angina, the overall thrombin activity 
was low seem to indicate that fibrinopeptide A 
generation in patients with angina pectoris is a 
specific finding of activation of the coagulation 
system and it is not secondary to other factors 
related to the intensive care, such as frequent 
venipuncture or intravenous lines. It is interesting 
to note that the highest values of cumulative 
thrombin activity were obtained in patients witt 
acute unstable angina, that is, in those with ver) 
recent onset of unstable angina who also presentec 
with the highest prevalence of intracoronary} 
thrombi. 

In conclusion, urinary excretion of fibrinopep 
tide A better reflects the overall effect of thrombi 
action on fibrinogen than a single plasma measure 
ment, which gives only information on fibrinoge1 
breakdown at the time of blood sampling. Th 
cumulative thrombin activity, as assessed by 24 
hour urinary excretion of fibrinopeptide A, is abl 
to discriminate between populations with variou 
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clinical forms of angina pectoris, although the 
result cannot be taken as an indication of anginal 
activity in the individual patient. Further studies 
will be necessary to clarify the clinical value of 
urinary fibrinopeptide A in identifying high-risk 
patients for cardiac events to be treated with an 
aggressive antithrombotic therapy. 
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Granulocytes defend the body against invading 
microbes by producing a complex armamentar- 
ium of toxic substances, such as proteolytic en- 
zymes, oxygen radicals and arachidonic acid me- 
tabolites. Under certain circumstances, however, 
such compounds may be released in the absence 
of phagocytosable particles, resulting in injury to 
normal cell and connective tissue degradation. 
Recent experimental studies have emphasized 
the potential role of granulocytes in the patho- 
genesis of myocardial ischemia. Clinical investi- 
gations have also shown alterations in neutrophil 
function in stable and unstable clinical manifes- 
tations of ischemic heart disease. “Priming” of 
granulocytes in stable forms of coronary disease 
may predispose to the subsequent development 
of acute coronary events, whereas activation of 
neutrophils may lead to alterations in vascular 
permeability and coronary flow regulation, lead- 
ing to further myocardial and endothelial injury in 
acute myocardial infarction, unstable angina and 
coronary angioplasty. 

(Am J Cardiol 1991;68:64B-—68B) 
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ecent studies have focused on the poten- 
Re role of granulocytes in the pathogene- 

sis of acute myocardial ischemia and exten- 
sion of myocardial injury.™? Although these 
leukocytes provide the host with an effective de- 
fense against infections, they have been implicated, 
with increasing frequency, as mediators of tissue 
destructive events in inflammatory disorders.* It 
has been shown that when local formation of 
chemotactic factors, able to recruit and activate 
neutrophils, occurs in the absence of phagocy- 
tosable particles, the enzymatic content of cytoplas- 
mic granules may be released in the surrounding 
milieu, offsetting physiologic regulation and lead- 
ing to normal cell injury and connective tissue 
degradation (frustrated phagocytosis). 


LEUKOCYTE COUNT AND RISK OF ISCHEMIC 
HEART DISEASE 

Epidemiologic studies have shown a correlation 
between the leukocyte count and the risk of devel- 
oping myocardial infarction.” Friedman and co- 
workers’ have reviewed 464 patients hospitalized 
for a first acute myocardial infarction who had had 
a multiphasic health checkup on the average 16.8 
months before the event. These investigators found 
that the leukocyte count was a strong predictor of 
infarction and that the predictive value of the white 
blood cell count was similar to that of serum 
cholesterol measurement. Although the serum cho- 
lesterol correlated with tobacco smoking, an inde- 
pendent predictive value existed for the white 
blood cell values. These data were confirmed by 
the Multiple Risk Infarction Intervention Trial 
showing a strong independent correlation of the 
total white blood cell count with the risk of coro- 
nary heart disease. Moreover, in the Persantine- 
Aspirin Reinfarction Study-1,’ the leukocyte count 
correlated with the risk of reinfarction. The white 
blood cell count covaried with tobacco smoking 
and serum cholesterol, but its association wit 
reinfarction was still significant when these covari 
ates were taken into account. Finally, a positive 
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correlation between leukocyte count and the ex- 
tent of coronary disease was found by Kostis et al® 
in 573 patients who underwent coronary arteriogra- 
phy. The reasons for the association between white 
blood cell values and ischemic heart disease are 
unknown, but it is possible that leukocyte count 
would represent a rough index of the activity of 
white blood cells. Leukocytes, and neutrophils in 
particular, are potentially destructive cells that, 
once activated, may discharge their toxic sub- 
stances, leading to endothelial cell destruction and 
vascular injury.” 


NEUTROPHIL ACTIVATION PROCESS 

In response to inflammatory reactants, such as 
complement components, bacterial peptides, inter- 
leukin-1 and leukotrienes, granulocytes can release 
a variety of toxic compounds capable of promoting 
tissue injury. Firstly, when neutrophils are stimu- 
lated, a membrane-bound reduced nicotinamide- 
adenine dinucleotide phosphate (NADPH) oxi- 
dase transforms molecular oxygen to the superoxide 
anion (O, ), which is dismutated in hydrogen 
peroxide (H,O,), both of which are relatively innoc- 
uous and stable. In the presence of myeloperoxi- 
dase released by primary granules, the H,O, oxi- 
dizes Cl” to form hypochlorous acid (HOCI) which 
is highly reactive. Neutrophil-derived free radicals 
depress calcium uptake in the sarcoplasmic reticu- 
lum and interfere with the cellular contractile 
apparatus, thus impairing myocardial contractility. 
They may also disrupt the integrity of the mitochon- 
dria and the plasmalemma, thereby resulting in 
irreversible myocellular injury." Secondly, activa- 
tion of a phospholipase A, releases arachidonic 
acid metabolites and lyso-platelet activating factor 
(lyso-PAF) from phosphatidylcholine. The free 
arachidonic acid is converted to leukotrienes, 
whereas acetyl-transferase enzyme acetylates lyso- 
PAF to PAF." Thirdly, activated neutrophils also 
release a variety of proteolytic enzymes from spe- 
cific and azurophilic granules.* The proteolytic 
enzymes are responsible for various effects of 
vascular damage. In particular, elastase may cause 
detachment, lysis or altered barrier properties of 
endothelial cells. Neutrophil elastase detaches en- 
dothelial cells from culture substrate in vitro and 
degrades subendothelial matrices secreted by 
venous endothelial cells.’* All these neutrophil- 
derived mediators interact and are responsible for 
provoking cellular injury. For example, O, may 
oxidize the alpha,-proteinase inhibitor, a glycopro- 
tein that inhibits neutrophil elastase, thus allowing 
unregulated proteolytic enzymes to attack and 


degrade host tissues. Finally, the interactions be- 
tween these different mediators can amplify the 
effects of neutrophil stimulation and give rise to 
additional products with enhanced cardiotoxicity. 


GRANULOCYTE FUNCTION IN ISCHEMIC 
HEART DISEASE 

Although experimental data suggest that granu- 
locytes play an important role in the pathogenesis 
of myocardial ischemia and infarction, only very 
few data on neutrophil function in coronary artery 
disease (CAD) are available. Mehta et al” studied 
20 patients with stable CAD, 17 with unstable 
angina or acute myocardial infarction and 20 con- 
trol subjects. Neutrophil function was character- 
ized by assessing the chemotactic activity of granu- 
locytes, their generation of leukotriene B, after 
stimulation by calcium ionophore and the plasma 
levels of the B-B peptide, an indirect index of the 
production of elastase, a proteolytic enzyme re- 
leased by neutrophils. Patients with stable CAD 
had neutrophils with a higher chemotactic activity 
and an increased generation of leukotriene B, after 
ex vivo stimulation, whereas patients with unstable 
angina or acute myocardial infarction had signifi- 
cantly higher plasma levels of B-B peptide. These 
data led the researchers to conclude that granulo- 
cytes of patients with stable CAD have an en- 
hanced functional potential, whereas those of pa- 
tients with unstable angina or acute myocardial 
infarction undergo an intense in vivo activation. 
They also speculated that the “hyperreactivity” of 
neutrophils in patients with stable CAD may pro- 
vide a pathophysiologic milieu for the progression 
of stable to unstable clinical manifestations of 
ischemic heart disease. Recent data from the 
same group” provide further evidence for signifi- 
cant neutrophil activation in unstable angina pecto- 
ris and acute myocardial infarction. In such pa- 
tients high plasma levels of peptide B-B were found 
compared with patients with stable angina and 
control subjects, suggesting enhanced elastase re- 
lease in those clinical conditions. The researchers 
related these data to the episodic occlusion and 
reperfusion of the offending coronary artery occur- 
ring in unstable angina and acute myocardial 
infarction. This would result in repetitive entry of 
neutrophils into the ischemic myocardium and 
their subsequent activation. 

In a recent study” we tested the hypothesis that 
neutrophil activation would take place after coro- 
nary angioplasty. The study group consisted of 14 
patients with stable angina scheduled for elective 
single vessel percutaneous transluminal coronary 
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angioplasty (PTCA). After separation from other 
blood cell components, neutrophils were stimu- 
lated ex vivo in order to detect superoxide anion 
and elastase release in the supernatants. Plasma 
levels of granulocytic elastase were also measured 
by an immunoenzymatic method. Plasma elastase 
values increased significantly at the end of the 
procedure, both in the coronary sinus and in aorta. 
On the other hand, superoxide anion and elastase 
released in the supernatants after neutrophil stim- 
ulation decreased significantly after PTCA in the 
coronary sinus. These results suggest that neutro- 
phil stimulation occurs during PTCA and leads to 
higher plasma elastase levels and to a decreased 
ability of stimulated granulocytes to release their 
toxic compounds at the end of the procedure. Such 
neutrophil activation through the release of prote- 
olytic enzymes and the generation of oxygen free 
radicals may aggravate the endothelial damage and 
further stimulate platelets, thus having a potential 
bearing on the subsequent development of re- 
stenosis. 


ADHESION AND AGGREGATION PROPERTIES 
OF NEUTROPHILS 

Neutrophils adherence to vascular siddotheltal 
cells is the initial event of the inflammatory re- 
sponse and is critical in the pathogenesis of the 
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vascular injury associated with acute inflamma- 
tion. Recent experimental and clinical observa- 
tions have defined the molecular determinants on 
the surface of leukocytes that contribute to the 
adhesion to endothelial cells.’”"* The molecules are 
glycoproteins, the CD11-CD18 complex, consisting 
of 3 heterodimers, which share an identical ß 
subunit and are distinguished immunologically by 
distinct a subunits. The most functionally impor- 
tant of these glycoproteins is the CD11B-CD18, 
also known as Mac-1 (Figure 1). The enhanced 
adherence of neutrophils to endothelium in vitro 
caused by exposure to chemotactic or degranulat- 
ing stimuli is inhibited by pretreatment of leuko- 
cytes with monoclonal antibodies binding to either 
Mac-1 or B subunit. The endothelial surface fac- 
tors with which the CD11-CD18 complex of neutro- 
phils is interacting appear to be induced by expo- 
sure of the endothelial cells to inflammatory 
mediators, endotoxin, interleukin-1 and tumor ne- 
crosis factor. Neutrophil aggregation is an in vitro 
assay to examine neutrophil adhesion to vessel 
wall. Neutrophil aggregation may be quantitated 
by measuring changes in light transmission through 
a stirred neutrophil suspension in a measure simi- 
lar to that used with platelets.” 

We recently studied” 28 patients who under- 
went diagnostic coronary arteriography: 20 pa- 
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FIGURE 1. Polymorphonuclear neutro- 
phil (PMN) adherence to endothelial 
celis is mediated by an increased ex- 
pression of adhesion receptors, the 
CD11-CD18 complex. Neutrophils may 
also adhere to one another, forming 
aggregates. 
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tients had a clinical diagnosis of exertional angina 
with a positive exercise test and angiographically 
documented coronary artery disease, whereas 8 
patients had atypical chest pain and normal coro- 
nary arteries. Neutrophils were separated and then 
stimulated by calcium ionophore. Neutrophils ag- 
gregability was found to be increased in the coro- 
nary sinus of patients with angiographically docu- 
mented coronary disease compared with control 
subjects with normal coronary vessels. Moreover, 
in patients with coronary disease, cigarette use was 
associated with greater granulocyte aggregation in 
the coronary sinus, and no correlation was found 
with other risk factors, such as hypertension or 
hypercholesterolemia. These data suggest that the 
presence of atherosclerotic plaques may prime 
neutrophils to show greater aggregating activity in 
response to in vitro stimulation, confirming the 
enhanced functional potential of these white cells 
in patients with stable coronary artery disease. 


CORONARY 


FIGURE 2. Polymorphonuclear neutro- 
phils (PMNs) passing over atheroma- 
tous plaques may be stimulated to re- 
lease of leukotriene C, (LTC,), a potent 
vasoconstrictor agent. Prior generation 
in the coronary tree may explain the 
lower amount of LTC, released by gran- 
ulocytes in the coronary sinus after 
stimulation by calcium ionophore. 
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LEUKOTRIENE RELEASE AND CORONARY 
VASOCONSTRICTION 

Among the various substances released by neu- 
trophils, leukotrienes are active compounds de- 
rived from arachidonic acid through the lipoxygen- 
ase pathway.” Leukotriene C, and its metabolites, 
D, and E,, are potent vasoactive mediators that are 
able to contract smooth muscle cells from bron- 
chus, gastrointestinal and urogenital tissues.” Ex- 
perimental studies have also shown that increasing 
doses of leukotrienes C,, D, and E, may induce 
coronary vasoconstriction, thus decreasing coro- 
nary flow.” This effect is synergistic with that 
induced by platelet-released thromboxane A,, since 
Nichols et al” found that the decrease in coronary 
flow produced by the combination of both sub- 
stances is greater than the sum of the effects of the 
eicosanoids administered separately. In a prelimi- 
nary report,” we assessed the generation of leuko- 
triene C, by neutrophils of patients with coronary 
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artery disease compared with control subjects with 
normal coronary arteries. Granulocytes were sepa- 
rated from coronary sinus and aortic blood samples 
and stimulated by calcium ionophore. In patients 
with coronary artery disease, neutrophils sepa- 
rated from the coronary sinus released a lower 
amount of leukotriene C, than neutrophils isolated 
from the aortic blood, whereas no difference was 
found in control subjects. Furthermore, the greater 
the extent and severity of coronary artery disease, 
the lower the generation of leukotriene C, by 
neutrophils separated from the coronary sinus 
blood. These results may be explained by hypothe- 
sizing that granulocytes passing over atheromatous 
plaques are stimulated to release leukotriene C,. 
Prior release in the coronary tree may account for 
the lower production of leukotriene C, when the 
neutrophils pass through the coronary sinus (Fig- 
ure 2). Alternatively, one can infer that neutrophils 
would transfer to endothelial cells leukotriene Ay, 
the immediate precursor of leukotriene C,. Al- 
though vascular cells are unable to synthesize 
leukotriene A, from arachidonic acid, they can 
produce leukotriene C,, once its precursor is avail- 
able from exogenous sources.” It is possible that 
neutrophils adhering to the injured endothelium 
would transfer leukotriene A, to vascular cells, 
which in turn may produce leukotriene C,. Regard- 
less of the mechanism of leukotriene C, genera- 
tion, these data suggest that neutrophils, passing 
through a diseased coronary tree, release leuko- 
triene C,, a substance that may contribute to the 
inappropriate vasoconstriction secondary to the 
endothelial dysfunction of atherosclerotic coro- 
nary vessels. 


CONCLUSIONS 

The few data reported so far in the literature 
suggest that neutrophils may play a prominent role 
in pathophysiologic processes related to the clini- 
cal manifestations of ischemic heart disease. 
“Priming” of granulocytes in stable forms of CAD 
may cause platelet activation and may predispose 
to the development of acute ischemic coronary 
syndromes. The activation of neutrophils in unsta- 
ble angina and coronary angioplasty, resulting in 
discharge of oxygen radicals and proteolytic en- 
zymes, may determine alterations in vascular per- 
meability and coronary flow regulation amplifying 
myocardial and endothelial injury. Further re- 
search in this field may lead to the identification of 





important new targets of pharmacologic interven- 
tion. 
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Intimal Disruption and Coronary Thrombosis: 
Its Role in the Pathogenesis of Human 
Coronary Disease 


James Forrester, MD 


hen the Danish physicist Neils Bohr was 

changing our understanding of the atom 

at the beginning of this century, he is 
said to have made the simple but profound observa- 
tion that the way a scientist perceives reality is 
determined by the tools he has for measuring it. 
Examples of this truth abound in medicine: we may 
wonder, for instance, whether diabetes would be 
viewed as one disease or several if the tools for 
measurement of serum insulin, insulin antibody 
levels or C peptide had preceded the measurement 
of serum glucose by 50 years, rather than vice 
versa. The development of high resolution fi- 
beroptic angioscopes has given us the first opportun- 
ity to examine the endothelial surface from inside a 
coronary artery in living humans. Our experience 
encompasses 172 vessels in 100 patients, all of 
whom were studied during coronary bypass sur- 
gery. As Bohr predicted, this new way of seeing has 
already changed our view of reality. We have come 
to believe that intimal disruption and thrombus 
play a pivotal role in the pathogenesis of both acute 
and chronic coronary heart disease. 

In this article we will begin by tracing the 
remarkable fluctuations in cardiologic opinion 
about the importance of coronary thrombosis from 
the turn of the century until the present. We will 
then propose a modern synthesis of knowledge 
about coronary syndromes, based on existing patho- 
logic and angiographic data, and on our new 
angioscopic information. This synthesis, summa- 
rized in Figure 1, consists of five postulates, each of 
which describes both a step in the evolution of the 
intimal disruption and an associated clinical coro- 
nary syndrome. Finally, we will speculate about the 
relevance of these postulates to current and future 
therapy of coronary disease. 
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THE THROMBUS: A CYCLE OF CHANGING 
ANSWERS TO THE SAME QUESTION 

The debate over coronary thrombus can be 
traced through the names of the men who helped 
shape 20th century cardiologic opinion and prac- 
tice. We can credit James Herrick with beginning 
the modern debate in 1912 when he speculated 
that myocardial infarction was initiated by coro- 
nary thrombus.' Herrick’s view was revolutionary, 
not because he described thrombotic coronary 
occlusion, but because until then it had been 
thought to be uniformly fatal. His view, that throm- 
bus caused myocardial infarction, became the ac- 
cepted dogma for the next 30 years. A countercur- 
rent of dissent, however, began in the 1940s as 
pathologists reported enormous variations in the 
autopsy prevalence of coronary thrombus after 
myocardial infarction*"' (Table I), influenced by 
Charles Friedberg’s review of a thousand Mt. Sinai 
Hospital autopsies entitled, “Acute Myocardial 
Infarction Not Due to Coronary Occlusion.” Yet 
in 1948, when Irving Wright reported that anticoag- 
ulant therapy reduced myocardial infarction mor- 
tality,” Herrick’s view seemed to have great clinical 
importance and opponents of the thrombus para- 
digm were temporarily silenced. 

Over the next decade, however, increasing num- 
bers of pathologists questioned the thrombus para- 
digm. Rejection by pathologists culminated in 1960 
when David Spain, based on a quarter century of 
postmortem experience, concluded that coronary 
artery thrombosis was actually a secondary event in 
acute infarction.’ A year later, a large randomized 
trial of anticoagulants in acute infarction from 
Denmark" revealed no effect on mortality, and 
Irving Wright was soon under widespread and 
aggressive attack for methodologic biases in his 
1948 study. 

However, the thrombus paradigm was not dead, 
for even as David Spain penned its apparent 
epitaph, San Francisco pathologist Meyer Fried- 
man was beginning systematic serial histologic 
sectioning of coronary arteries in acute infarc- 
tion.* Friedman led a spirited, transiently success- 
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ful crusade to resurrect the paradigm in the mid 
and late 1960s. With this new controversy, a series 
of large clinical trials of anticoagulants were under- 
taken, aimed at providing definitive guidelines for 
in-hospital heparinization and long-term warfarin 
therapy. Far from resolving the debate, however, 
the trials intensified it. Like the reported frequency 
of thrombus itself, the reports were totally discor- 
dant.” Thus, when the absence of thrombi in half 
of a major autopsy series of myocardial infarction 
was reported in 1972,° the thrombus paradigm 
suffered its second death in 2 decades. Herrick’s 
phrase “coronary thrombosis” now became gauche 
in learned circles. 

In the late 1970s, however, cardiovascular sur- 
geons in Spokane, Washington, began treating 
acute myocardial infarction with emergency bypass 
surgery. A byproduct of the surgical program was 
the finding that 90% of the patients operated on 
within 4 hours of symptom onset had coronary 
occlusion.'* Suddenly, coronary angiographers be- 
gan seeing thrombi: the reported prevalence of 
thrombi in patients with unstable angina rose from 
1.3% in 1981 to 52%'"® by 1985. The thrombus 
paradigm had reappeared as suddenly as it had 
embolized a decade earlier. In 1981, both Ganz et 
al” and Rentrop et al’ reported intracoronary 
thrombolysis in acute myocardial infarction. By 
1986, intravenous thrombolysis had become the 
accepted treatment for myocardial infarction. As 
the last decade of this century begins, therefore, 


TABLE I Variability in the Reported Prevalence of Thrombotic 
Coronary Occousion in Myocardial Infarction 
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Reference Journal Thrombi (%) 


Arch Intern Med, 1941 
Arch Intern Med, 1939 
Scot Med J, 1956 

Am J Med Sci, 1960 
Am J Med, 1972 
JAMA, 1939 

Br Heart J, 1949 

Am Heart J, 1943 


Master et al? 

Gross and Sternberg? 
Branwood and Montgomery‘ 
Spain and Bradess° 

Roberts and Buja® 

Friedberg and Horn’ 
Harrison and Wood® 

Master et al"! 
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FIGURE 1. The relation between coro- 
nary endothelial pathologic condition 
and clinical syndromes, expressed as 5 
postulates. The pathologic progression 
of coronary disease is represented by 
the schematic drawing, the clinical syn- 
drome is the title above the schematic, 
and the postulate is the phrase be- 
neath it. PDGF /TGF-8 = platelet-derived 
growth factor, transforming growth fac- 
tor B; Poly/monos = polymorphonuclear 
and mononuclear cells; IGF-1 = insulin 
growth factor 1; EC = endothelial cells; 
SMC = smooth muscle cells. 


Herrick’s thrombus paradigm has twice come full 
circle. Like an idea whispered around a table, it has 
been embellished (some might say distorted) by 
the pathologist, angiographer, surgeon, and clini- 
cian, each according to the information provided 
by his indirect methods of study. Because our new 
tool allows us to see the coronary intima directly 
during the acute coronary syndrome, it has helped 
resolve what might be fairly termed the most 
remarkable cardiologic debate of this century. 


THE PATHOGENESIS OF CORONARY DISEASE 
IN MAN: AN INTEGRATION OF CURRENT 
KNOWLEDGE 

In the late 1970s while clinicians debated the 
role of the two competing paradigms, basic scien- 
tists developed animal models of atherosclerosis 
and began to make major advances in understand- 
ing its pathogenesis.’ Atherosclerosis begins as 
fatty streaks that consist of lipid-laden macro- 
phages. Both the macrophages and platelets that 
attach to the endothelial surface release growth 
factors that stimulate smooth muscle cells to mi- 
grate to the subendothelium. The smooth muscle 
cells proliferate and lay down new fibrous tissue, 
which partially surrounds the lipid-laden macro- 
phages. If this material undergoes necrosis, an 
atheromatous cavity is formed, but further progres- 
sion to coronary thrombosis is rare in the animal 
model. When it does occur, the fibrous cap appears 
eroded, so that the atheroma contents are exposed 
to the flowing bloodstream, and platelet aggregates 
form at the site of intimal disruption. 

Our discussion begins where the animal labora- 
tory data end: with the onset of intimal disruption. 
Our in vivo observations suggest that intimal disrup- 
tion is more common in man and that it dominates 
the subsequent sequence of pathologic and clinical 
events (Figure 1). At the instant of intimal rupture, 
we believe atherosclerotic coronary disease in man 
is transformed from quiescent to acute; that many 
of the subsequent clinical milestones in the course 
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of the disease are determined by the interaction of 
the disrupted intimal surface and blood elements. 
For example, immediate platelet adhesion to the 
ulceration releases vasoactive compounds, causing 
localized spasm and accelerated angina. Frag- 
ments of the ulcerated surface or platelet microag- 
gregates can embolize, causing downstream micro- 
infarcts or sudden arrhythmic death. The adhered 
platelets may evolve to become a partially occlusive 
thrombus attached to the disrupted surface causing 
unstable rest angina. This thrombus may then 
progress to complete obstruction causing myocar- 
dial infarction, or it may be incorporated into the 
vessel wall causing rapid localized progression of 
coronary stenosis. After reendothelialization, the 
lesion can become stable, or a second cycle of 
rupture and platelet aggregation can ensue. Thus, 
the disrupted intima, its platelet aggregates, and its 
thrombi can cause the full spectrum of acute 
coronary disease, but also lead to chronic manifes- 
tations, including heart failure and the rapid pro- 
gression of coronary stenosis. The details of this 
synthesis are expressed as our 5 postulates. 

intimal disruption: the proximate cause of 
acute coronary syndromes: The typical angio- 
scopic appearance of a lesion in stable coronary 
artery disease is quite consistent (Figure 2). Nonob- 
structive protrusions are smooth and yellow-white. 
Small protrusions are oblong and are oriented 
parallel to the long axis of the vessel; more obstruc- 
tive ones retain these surface characteristics, but 
have no regular shape. We have examined 17 
patients with stable angina; all but 1 had stable 
atheroma. 

The coronary intimal surface in patients with 
acute coronary syndromes is strikingly different. In 
the least severe of the acute coronary syndromes, 
accelerated angina (angina of increasing frequency 
and duration without rest pain), the protrusions 
have a denuded surface and ragged edges. Com- 
monly, there is subintimal hemorrhage at the base, 
radiating into the adjacent subendothelium (Fig- 
ure 3). We will call this lesion an intimal disruption. 
The distinguishing feature between acute and sta- 
ble coronary disease at angioscopy is this intimal 
disruption, with or without attached blood ele- 
ments. Of our 23 patients with an acute coronary 
syndrome, all but two had either intimal disruption 
or a thrombus in the ischemia-producing artery 
(the coronary vessel considered responsible for 
symptoms based on acute transient ST-T wave 
changes). In contrast, only 1 intimal disruption and 
no thrombi were seen in the 17 patients with stable 
coronary heart disease.” 





Although we know the histologic sequence that 
precedes intimal disruption, we do not yet under- 
stand its cause. Some investigators speculate that it 
results from mechanical factors, such as repetitive 
bending with each cardiac contraction, or altered 
wall shear stress at areas of focal narrowing.” 
Recent research on basic mechanisms of the inflam- 
matory response has indicated that phagocytozed 
particles, such as lipid, “activate” macrophages.” 
An activated macrophage produces both collage- 
nase and elastase, and potent oxidizing agents such 
as superoxide, hydrogen peroxide and hydroxyl 
radicals, which are capable of eroding through the 
fibrous cap. Similarly, the mechanism by which an 
intimal disruption induces accelerated angina is 
not established, although platelets aggregate at 
these sites, and platelets also release thromboxane 
A, which can induce vasopastic angina. Although 
we do not yet fully understand its cause, the 
striking angioscopic differences we have seen lead 
us to our first postulate: it is the intimal disruption 
that marks the transition from stable to acute coro- 
nary disease. 

Development of thrombus on the endothelial 
ulcer: [n clinical terms, the next step after acceler- 
ated angina is unstable rest angina (increasing 
frequency and duration of angina with concomitant 
rest pain). The typical appearance of the coronary 
artery in unstable rest angina is shown in Figure 4. 
There is a red, partially occlusive mass (thrombus) 
in the ischemia-producing coronary artery. In the 
majority, the thrombus is typically bright red and 
undulates during flushing, suggesting it is of recent 
origin. Because these thrombi are smooth and 
partially occlusive, we often find it impossible to 
distinguish them from atheromas by coronary an- 
giography, even in retrospect.” The thrombi are 
firmly adherent to the intimal surface: flushing 
rarely dislodges them. Patients with unstable rest 
angina typically have had a partially occlusive 
thrombus when examined by angioscopy. We can 
conclusively link this partially occlusive thrombus 
to the disruption of the intimal surface. When a 
coronary thrombus is physically removed at au- 
topsy, a denuded endothelial surface has been 
found beneath it in 90% of 450 reported cases from 
8 authors” (Table II). The continuum of clinical 
severity from accelerated angina to unstable rest 
angina, therefore, has a parallel pathologic sub- 
strate—the continuum from intimal disruption to 
partially occlusive thrombus. 

The mechanism by which thrombus forms on 
the ulcerated surface is suggested by three histo- 
logic features of the thrombus and ulcer. Serial 


A SYMPOSIUM: MANAGEMENT OF UNSTABLE ANGINA 71B 








FIGURE 2. Stable coronary disease. The coronary artery 
lumen, which is normally circular, Is obstructed by a 
smooth white atheroma that protrudes into the lumen 
from the right side of the angloscopic image. 


sections on each side of the endothelial ulceration 
show progressive thinning of the fibrous cap. The 
contents of the atheroma cavity is replaced by 
blood, so that the thrombus has both intraintimal 
and intraluminal components, and either choles- 
terol crystals or fragments of the disrupted endo- 
thelium are found in the center of as many as 81% 
of thrombi.” We can reasonably conclude that 
contact between the eroded intima and/or the 
atheroma cavity and the flowing blood stream is the 
causal link between ulceration and thrombosis. 





Our angioscopic data, taken with this autopsy 
evidence, and the less direct data from coronary 
angiography lead us to our second postulate: par- 
tially occlusive coronary thrombosis, which develops 
on disrupted intimal surface, causes unstable rest 
angina. 

The dynamic coronary thrombus: progres- 
sion to occlusion or spontaneous lysis? We 
believed that there are 3 paths along which the 
partially occlusive thrombus can now evolve: pro- 
gression to occlusion, spontaneous lysis, or incorpo- 
ration into the vessel wall. Our understanding of 
these dynamic changes, however, is limited by the 
fact that our tools—angiography, angioscopy and 
autopsy—show us only a single point in the course 
of disease; we are forced to make logical conjec- 
tures from anecdotal data. 

Figure 5 shows an example of progression to 
occlusion in a patient with unstable angina. Nine 
days earlier, a coronary angiogram during unstable 
angina revealed a 95% obstruction. After treat- 
ment with nitrates, B blockers and calcium antago- 
nists, the acute syndrome regressed sufficiently to 
allow hospital discharge, then recurred with greater 
severity 9 days later. At intraoperative angioscopy 
9 days later, the artery now appears totally oc- 
cluded by a large firm maroon-colored thrombus 
attached to an ulceration, the edges of which are 
represented by small protrusions of ragged athero- 
matous debris. 


FIGURE 3. An endothelial ulceration 
without thrombus. At the lower left is an 
atheroma protruding into the lumen of 
the coronary artery. At 8 o’clock, a flap 
of torn endothelium flutters during infu- 
sion of clear injectate. At the base of 
the tear and at 2 o’clock there is subin- 
timal hemorrhage, which was distin- 
guished from intraluminal blood by its 
failure to disappear during flushing. 
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From 2 views of the lesion, 9 days apart, we can 
construct a reasonable sequence of events. The 
syndrome began as a partially occlusive thrombus 
on an intimal ulceration, stabilized transiently 
during the 9-day interval, then progressed to total 
occlusion. Our implication is that a thrombus can 
grow by stages. Consistent with this possibility, the 
thrombi we see at angioscopy have a spectrum of 
colors and consistency, from bright red and gelati- 
nous to multicolored, firm and organized, suggest- 
ing that portions of the thrombus have different 
ages. 

Both pathologic and clinical data support the 
postulate that thrombi can progress episodically. 
Falk” identified two or more thrombus layers, 
which he attributed to growth by stages, in 81% of 
thrombi from 215 patients who died with unstable 
angina. In addition, 2 clinical studies of the late 
1960s reported that 30% to 35% of patients with 
acute myocardial infarction had either accelerated 
angina or unstable rest angina in the 3-week 
interval preceding the acute event.” In light of 
our current knowledge, we can speculate that the 
accelerated angina prodrome in these two clinical 
studies was caused by an intimal ulceration or a 
partially occlusive thrombus that transiently stabi- 
lized before progressing to thrombotic occlusion 
and acute myocardial infarction. 

Spontaneous remission, however, also is a fre- 
quent outcome of unstable anginal syndromes. 
Several long-term follow-up studies have shown 
that 10% to 20% of medically treated patients 





FIGURE 4. A bright red, partially occlusive thrombus in a 
patient with unstable rest angina. The thrombus undulated 
during delivery of flushing solution. 


progress to infarction during hospitalization, 
whereas more than half return to chronic stable 
angina.” In the group that stabilizes, we must 
conclude that either there was no thrombus or that 
it lysed spontaneously. We have not yet performed 





FIGURE 5. The angioscopic image at the site where the 
95% coronary stenosis had been visualized 9 days earlier 
by angiography. There is a large thrombus totally occlud- 
ing the coronary artery. Between 3 and 6 o’clock, the 
edges of a coronary ulceration can be seen, surrounded 
by subintimal hemorrhage. 





FIGURE 6. An angioscopic image from a patient with failed 

neous transluminal coronary angioplasty. Al- 
though the procedure was Initially considered to be suc- 
cessful by angiographic criteria, the patient deteriorated 
48 hours after the procedure and had emergency bypass 
surgery. The true coronary lumen Is represented by the 
dark area between 5 and 7 o'clock. Crossing the coronary 
lumen from 9 to 3 o’clock Is a large flap of endothelium 
that creates a false channel above. At 5 o’clock and 7 
o’clock there are gossamer strands of endothelium that 
fluttered during infusion of injectate. 
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TABLE Ii Autopsy Evidence That Endothelial Ulceration Lies Beneath Coronary Thrombus 


Reference Journal 


Am Heart J, 1935 

Arch Pathol, 1965 

Br Heart J, 1970 

Hum Pathol, 1971 

J Atheroscler Res, 1966 
Am Heart J, 1977 

Br Heart J, 1983 

N Engl J Med, 1985 


Saphir et al?‘ 

Chapman?’ 

Bouch and Montgomery?’ 
Friedman?” 
Constantindines*® 

Ridolfi and Hutchins”? 
Falk? 

Davies and Thomas*° 


Total 


angioscopy in an unstable rest angina patient after 
clinical stabilization to examine the latter possibil- 
ity, but we have examined patients soon after 
myocardial infarction. Two months following myo- 
cardial infarction, the intimal surface is often still 
ragged but there is no thrombus. From these 
postinfarction images, we can speculate that either 
thrombus did not cause the infarction or it under- 
went spontaneous thrombolysis. The angiographic 
literature favors the latter possibility. Coronary 
angiography in the early hours of acute infarction 
reveals 75% to 90% prevalence of total obstruc- 
tion, whereas when performed at 14 days, the 
prevalence of occlusion is only 33%.” Coronary 
recanalization is also found at autopsy. This is most 
commonly represented by a single eccentric chan- 
nel traversing the length of the thrombus; less 
commonly the clot is penetrated by a network of 
new endothelialized channels that arise from the 
adventitia.” The angioscopic, angiographic, and 
pathologic data, therefore, suggest that endoge- 
nous processes can remove coronary thrombi. 

Since thrombus formation is facilitated by slow 
blood flow, we may speculate that the magnitude of 
preexisting stenosis markedly influences which of 
these two paths—occlusion or lysis—the thrombus 
follows. Although autopsy data deal only with a 
small and undefined segment of those patients who 
had a partially occlusive thrombosis at some time 
prior to death, they tend to confirm this idea. In 
Falk’s autopsy study” of 103 ulcerations, occlusive 
thrombus was found in only 40. However, throm- 
botic occlusion was always found when the ulcer- 
ated stenoses occluded >95% of the lumen, was 
frequent (79%) when the stenoses obstructed 75- 
94% of the lumén and was rare (3%) when stenosis 
obstructed <75%. Our third postulate, thus, is 
that the thrombus is dynamic: it may lyse, or it can 
evolve episodically. For thrombi that evolve by 
stages, there is a therapeutic window of opportu- 
nity prior to total occlusion. 

The late fate of thrombus: progression of 
coronary artery stenoses: Our fourth postulate 


Thrombi 





derives from 3 observations that appear unrelated. 
First, at angioscopy, organized older thrombi ap- 
pear to merge with the adjacent vessel wall. When 
this type of lesion is examined histologically, the 
thrombus is covered with new endothelium and is 
being infiltrated by fibrous tissue. Serial studies of 
thrombus evolution in the rat aorta” explain this 
observation. Within 1 month, the fibrin and plate- 
lets that formed the original thrombus have been 
completely replaced by smooth muscle cells, colla- 
gen and elastin, and the thrombus surface is 
covered with endothelium. Extrapolating to man, 
the site of ulceration and thrombosis would rapidly 
become histologically unrecognizable. The second 
observation is that coronary ulceration and platelet 
aggregation can occur in the absence of a recog- 
nized change in symptom pattern. We have seen 1 
patient in which an intimal ulceration produced no 
identifiable clinical syndrome, and Ambrose et al” 
have identified ulceration or thrombus by angiogra- 
phy in a small percentage of patients with stable 
angina. Third, rapid progression of coronary steno- 
sis is particularly typical of unstable angina, which 
we know from angioscopy is associated with endo- 
thelial ulceration. Moise et al* found it to be twice 
as common in unstable angina as in stable angina, 
and that it occurred with high frequency: 75% of 38 
patients with unstable angina had rapid localized 
progression of disease. These 3 facts—ulceration 
without symptoms, incorporation of thrombus into 
the vessel wall, and rapid progression of coronary 
stenosis after unstable angina—suggest a third 
postulate: that unrecognized intimal ulceration is a 
primary cause of sudden and rapid progression of 
coronary stenosis. 

Serial coronary angiographic studies indirectly 
support this postulate“ (Table III). Less than 
20% of all coronary stenoses exhibit progression in 
a year, i.e., most stenoses are quiescent. Rapid 
progression typically occurs at a single coronary 
site, while all others remain stable, indicating the 
dominance of local over systemic factors. Further, 
when rapid progression is detected, about 33% of 
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First Author Journal Patients 





Gensini*® 





Circulation, 1974 





Rosch*? Radiology, 1976 58 26 
Rafflenbeul*° Am J Cardiol, 1979 25 12 
Singh” Br Heart J, 1984 52 51 
Totals 355 29 


ce 9 


the lesions are “new,” appearing at locations 
previously considered to be angiographically nor- 
mal. These data indicate that progression of hu- 
man coronary disease often is not linear: it has an 
episodic, local component superimposed on the 
slower systemic process. The local factors responsi- 
ble for episodic progression of lesions have not yet 
been described. In our view, ulceration, platelet 
adhesion and thrombus incorporation represent 
the most likely cause. Most important, this dra- 
matic intravascular event could be unrecognized by 
the patient, the clinician, and even the pathologist. 
The healing of the ulceration completes a clinical 
and pathologic cycle, which begins and ends with a 
stable atheroma. Because the blood components 
that participate in the acute clinical events have 
disappeared, the mechanism of rapid progression 
also is undetectable by histologic examination. The 
same mechanism (endothelial damage, thrombus 
formation and accelerated fibroproliferative re- 
sponse) seems to us to be likely for the 30% 
restenosis rate after percutaneous transluminal 
coronary angioplasty. Depositions of platelets 
and thrombosis formation after angioplasty have 
been demonstrated in the animal model,” and the 
histologic features of restenosis in the animal are 
characterized by an organizing thrombosis, with 
smooth muscle cell proliferation.” Although au- 
topsy data from man are limited, the histologic 
findings are comparable.” Critical to this postulate 
is our in vivo angioscopic experience, which demon- 
strates that dramatic intimal disruption can be 
induced by the procedure in patients who are 
initially thought to have undergone a successful 
procedure (Figure 6) and that this damage is not 
necessarily detectable by angiography.“ Our fourth 
postulate is that the accelerated fibroproliferative 
response to intimal injury, combined with thrombus 
incorporation, causes both rapid progression of coro- 
nary stenosis in chronic coronary disease and resteno- 
sis after percutaneous transluminal angioplasty. 
intimal disruption, thrombi and ischemic car- 
diomyopathy: We sometimes see intimal disrup- 
tions that appear to be gossamer strands floating 
like sessile polyps in the intravascular flushing 


TABLE Ill Angiographic Evidence That Development of Coronary Atheroma Is Episodic 


Interval 
(month) 








Annualized 
Progression 


% of Lesions 


That Progress % New Lesions 














46 21 — 


33 15 21/76 (28%) 
16 16 4/11 (36%) 
33 8 27/55 (49%) 
32% 15% 52/142 (37%) 





medium, with only minimal subintimal hemor- 
rhage. We believe that platelet aggregates or 
thrombi that form on these strands can embolize, 
particularly when the magnitude of stenosis does 
not restrict blood flow. 

There is a small body of supportive evidence 
from detailed pathologic studies in sudden death. 
In these studies platelet microemboli have been 
demonstrated in 20% to 54% of vessels distal to 
coronary thrombi (Table IV). We can conclude 
that, when platelet microaggregates form, there is 
a reasonable probability of downstream emboliza- 
tion. These microemboli can cause microinfarc- 
tion.” Since microemboli are not found in chronic 
coronary disease, they must either undergo sponta- 
neous lysis or be a uniformly terminal event. 
Because spontaneous thrombolysis occurs with 
larger intracoronary thrombi, the former possibil- 
ity seems more likely. If so, the subsequent clinical 
presentation of a surviving patient would be re- 
gional myocardial hypokinesis in the presence of 
nonocclusive proximal coronary artery disease, with- 
out a history of myocardial infarction. Our fifth 
postulate is that coronary microemboli, which are 
dislodged from intimal ulcerations and then subse- 
quently lyse, can cause permanent cardiac dysfunc- 
tion, contributing to “ischemic cardiomyopathy.” 

In summary, our postulates have led us to think 
of human coronary disease in the same way Stephen 
Jay Gould describes human evolution: as “punctu- 
ated equilibrium.” The chronic slowly progressive 
“benign” phase is lipid accumulation and the 
smooth muscle cell-mediated fibrotic response it 
initiates; the “malignant” phase is rupture of the 


TABLE IV Sudden Death Autopsy Evidence for Coronary 
Microemboli Distal to Thrombi in Man 


Microemboli 


Autopsies No. 


Reference Journal 


Falk?! 
Haerem*® 
El-Maraghi and 
Genton’? 
Davies et al°° 


Circulation, 1985 
Atherosclerosis, 1974 
Circulation, 1980 


Circulation, 1986 
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necrotic atheromatous debris into the flowing 
bloodstream, forming a thrombus that may ob- 
struct, lyse, embolize or incorporate into the vessel 
wall. This view links basic science to clinical prac- 
tice, offers testable hypotheses and describes an 
opportunity for considerable advance in the medi- 
cal therapy in the last decade of a century that 
began with the simple but profound speculation 
that a heart attack might be due to a coronary 
thrombosis. Like Niels Bohr, our intuition and 
insight have been changed by a new tool, and we 
can now approach the bedside of the coronary 
disease patient as if we had a window that looks in 
on the plaque. 
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Angiography in Unstable Angina 


John A. Ambrose, mb, and Douglas H. Israel, MD 


Within the last decade, it has been appreciated 
that the acute coronary syndromes of unstable 
angina, non-Q-wave, and Q-wave myocardial inf- 
arction often share a common pathogenesis 
based on plaque disruption and thrombosis. Such 
“acute” lesions frequently have a characteristic 
angiographic appearance with sharp overhanging 
edges, irregular borders, and intraluminal lu- 
cency. This review focuses on the benefits and 
limitations of qualitative assessment of coronary 
lesion morphology, with respect to the sensitiv- 
ity, specificity, and prognostic significance of 
complex lesions and intracoronary thrombi. An- 
giographic findings following thrombolysis for 
unstable angina are discussed, as well as the 
possible role for thrombolytic therapy as an ad- 
junct to angioplasty in unstable angina. 

(Am J Cardiol 1991;68:78B-—84B) 
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he clinical syndrome of unstable angina has 
sk the fascination of cardiologists for 

> 30 years. Much has been written about it 
or one of its pseudonyms, e.g., coronary insuffi- 
ciency, preinfarction angina, intermediate coro- 
nary syndrome, and various mechanisms have been 
suggested for its development. Early studies sug- 
gested that rest angina was related to a transient 
imbalance between myocardial oxygen supply and 
demand similar to that in stable angina. In the 
1970s the concept of vasospasm was implicated not 
only to explain the pathogenesis of Prinzmetal’s 
angina, but also that of rest angina with ST de- 
pression or T-wave inversions. Within the last 5 
years, there have been convincing data suggesting a 
different pathogenetic mechanism for unstable an- 
gina and the other acute coronary syndromes of 
non-Q- and Q-wave myocardial infarction. All 
syndromes appear to share a common pathogene- 
sis with plaque disruption and thrombus formation 
as the underlying substrate in a majority of pa- 
tients. 


COMPLEX LESIONS AND INTRACORONARY 
THROMBI 

Angiographic features of complicated le- 
sions and thrombi in unstable angina: Unstable 
angina may be defined as ischemic cardiac pain 
occurring at rest or at minimal workloads. In some 
cases, the syndrome occurs de novo, and in many 
others it represents an abrupt acceleration of a 
previously stable anginal pattern. Sequential stud- 
ies in patients undergoing angiography before and 
after the development of unstable angina have, in 
fact, shown that the transition to the unstable state 
is associated with progression of coronary stenosis 
in about 75% of cases’ and that these new unstable 
lesions have a specific coronary morphology. In 
fact, although stable and unstable angina do not 
differ in the usual angiographic variables of the 
number of diseased vessels or the percent stenosis 
in the involved vessels,”’ the 2 syndromes may be 
reliably differentiated in most cases by the angio- 
graphic morphology of the lesion. Coronary mor- 
phology refers to the qualitative assessment of 
coronary lesions at angiography, with special atten- 
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tion to the symmetry of the lesion and whether or 
not its borders are regular or irregular. Morphol- 
‘ogy should be determined in orthogonal views in 
projections that avoid foreshortening of the lesion 
or overlap of vessels. Since morphology is a qualita- 
tive assessment, it is best evaluated by a consensus 
of angiographers similar to that of subjective analy- 
sis of percent coronary narrowing. 

The classic angiographic features of lesions 
associated with the acute coronary syndromes, 
including irregular ragged borders and intralumi- 
nal lucency, were first demonstrated by Levin and 
Fallon* using postmortem angiography in patients 
dying following myocardial infarction or coronary 
bypass surgery. In our studies, we have found that 
coronary lesion morphology determined at angiog- 
raphy was predictive of unstable angina.”* Unsta- 
ble angina-producing lesions were eccentric, with a 
narrow neck, overhanging edges or irregular bor- 
ders. Lesions with some or all of these features 
were found in 71% of patients with unstable 
angina. These eccentric and irregular stenoses, 
which we have called type II eccentric lesions, 
occur in only 10-20% of patients with stable 
angina. These qualitative observations have been 
confirmed by other investigators who have de- 
scribed lesions with similar angiographic character- 
istics as “T” lesions,’ intracoronary thrombi," 
lesions with complex morphology." Our original 
classification of coronary lesions is illustrated in 
Figure 1. A modification of this classification is also 
included (Figure 2), which illustrates the most 
common coronary lesion geometries found at an- 
giography. Since on occasion concentric or symmet- 
rical lesions may be highly irregular and occur in 
ischemia- or infarct-related arteries in unstable 
angina or myocardial infarction,” we now favor the 
term “complicated” or “complex” lesions, as op- 
posed to type II eccentric lesions, to describe these 
angiographic findings in the acute syndrome. It is 
also important to note that in some cases unstable 
angina may develop with ischemia-producing le- 
sions on angiography that are smooth or symmetri- 
cal. These are the usual characteristics of coronary 
lesions in stable angina. In this situation, arteriog- 
raphy may have been performed some time after 
the acute event, with remodeling of the lesion by 
the time of angiography. In yet other cases, the 
development of unstable symptoms may occur due 
to transient increases in myocardial oxygen de- 
mand or other supply-related variables, such as 
coronary spasm or the development of anemia. In 
these latter situations, the presence of a complex 
plaque also may not be necessary. 





CONCENTRIC LESIONS 


ECCENTRIC LESIONS 


MULTIPLE IRREGULARITIES 





FIGURE 1. Schematic drawings of the different configura- 
tions of coronary stenotic lesions. Concentric lesions 

were symmetrical and usually smooth. Type | eccentric 
lesions were asymmetrical and smooth and most were of 
the type depicted at the right. Type Il eccentric lesions 
were either smooth with a narrow neck due to overhanging 
edges (left), or had irregular borders (right). Multiple ir- 
regularities included vessels with serial lesions or severe 
diffuse disease. 


Recently, quantitative techniques have been 
applied to the assessment of coronary morphology. 
Using a complex computer algorithm, Kalbfleisch 
et al” verified the predictive value of lesion irregu- 
larity for identifying patients with unstable symp- 
toms. Although analysis of arterial borders with 
automated edge detection may allow for a more 
objective assessment of lesion irregularity or rough- 
ness, such techniques do not incorporate an assess- 
ment of translucency or filling defects within the 
borders of the lesion. 

Angiographic evidence of thrombus forma- 
tion in unstable angina: The incidence of intracor- 
onary thrombi at angiography in unstable angina 
varies widely according to the study quoted. This 
incidence ranges between 1% and 52%.* Two 
recent publications noted an incidence of 45% and 
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FIGURE 2. New schema of discrete simple versus complex 
lesions showing the most frequent lesion geometries 
noted. 


41%." Angiographic detection of thrombus is 
related to a number of factors, including whether 
or not the patient was on heparin prior to catheter- 
ization and the timing of angiography in relation to 
the onset of unstable angina or the last episode of 
rest pain. Given the marked variability in the 
reported incidence of coronary thrombus, it is 
likely that some of these differences may be spuri- 
ous. Not only is the definition of unstable angina 
variable among these studies, but, importantly, 
there is also no standardized angiographic defini- 
tion of intracoronary thrombus, especially when 
the ischemia-related vessel is <100% occluded. 








Because a patent ischemia-related artery is the 
rule rather than the exception in unstable angina 
this would apply to approximately 85-90% o 
patients with this syndrome. We have defined ar 
intracoronary thrombus as a filling defect locatec 
proximal or distal to a significant stenosis (Figure 
3) surrounded by contrast on at least 3 sides anc 
visible in multiple projections, or as a lesion irregu- 
larity that resolves following thrombolytic therapy 
(Figure 2). Otherwise, we characterize a filling 
defect within a stenosis as a complex lesion.” 

Despite these caveats, the distinction between a2 
complex lesion and an intracoronary thrombus is 
by no means absolute. Pathologic studies in pa- 
tients succumbing to acute ischemic syndromes 
have shown that the causative major plaque disrup- 
tions, including plaque fissures, ulcers, and frank 
atheromatous rupture, are complicated by throm- 
bosis in most cases.'*”’ Direct angioscopic observa- 
tions have also confirmed that complex plaques in 
patients with unstable angina usually contain throm- 
botic material, but that such thrombi are often 
angiographically inapparent or indefinite.” Even 
though it is likely that most complex plaques 
contain thrombi, it has been our anecdotal experi- 
ence that only proximal or distal thrombi, but not a 
complex lesion alone, increase the risk of acute 
vessel closure during angioplasty. Therefore, the 
location or volume of thrombus in these lesions 
may have clinical relevance when angioplasty is 
considered. 

Prognostic significance of coronary morphol- 
ogy: Recent data suggest that angiographic lesion 
morphology may be predictive of the risk of .ad- 
verse coronary events. In a case-control study using 
angiographic data from the Coronary Artery Sur- 
gery Study registry, Ellis et al” studied morpho- 
logic features of the left anterior descending artery 
in 118 medically treated patients with a subsequent 
anterior myocardial infarction during a 3-year 
follow-up, compared with 141 medically treated 
patients with no infarction during follow-up. By 
multivariate analysis, lesion “roughness” and length 
strongly predicted risk for infarction. Eccentricity, 
ulceration, and thrombus also predicted increased 
risk, but their incidence was low in this clinically 
stable population. 

In a prospective study, Freeman et al” random- 
ized nearly 80 patients with new onset unstable 
angina to coronary angiography within 24 hours of 
hospital admission, or later angiography within 1 
week of hospitalization. Patients with ongoing 
chest pain crossed over to late urgent angiography. 
Coronary lesions were analyzed for complex mor- 
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FIGURE 3. Large filling defect distal to a 
stenotic lesion in the right coronary ar- 
tery from a patient with unstable an- 
gina. Large arrow indicates lesion and 
small arrows highlight distal thrombus. 





phology defined as irregularity and overhanging 
edges, or thrombus defined as filling defect or 
luminal staining. Thrombus was detected in 43% of 
the early angiography group, 75% of the late 
urgent group, and 21% of the late elective group. 
Complex morphology occurred in about 40% of 
each group of patients. The risk of an adverse 
cardiac outcome (infarction, death or need for 
revascularization) was greatest in the patients with 
intracoronary thrombus, followed by those with 
multivessel disease. The pathogenic and prognostic 
significance of thrombus is underscored by its high 
frequency of detection and the high cardiac event 
rate in the patients with late urgent angiography. 
Similarly, angiographic resolution of thrombi in the 


_ late elective group, whose symptoms stabilized, is 


paralleled by a low cardiac event rate. This study 
emphasizes the dynamic nature of coronary thrombi 
in unstable angina, the importance of the timing of 
angiography for the detection of such thrombi, and 
may help to explain why thrombolytic therapy is of 
less certain benefit in unstable angina than in acute 
myocardial infarction (see later). 


ANGIOGRAPHIC FINDINGS FOLLOWING 
THROMBOLYSIS IN UNSTABLE ANGINA 

Thrombolytic therapy in the management of 
acute myocardial infarction is of proven efficacy. 
The role of thrombolytic therapy in unstable an- 
gina is presently under evaluation. Thrombolysis in 
unstable angina has been utilized in two situations: 
the acute management of unstable angina, and as 
adjunctive therapy to angioplasty in patients with 
or without acute closure complicating the proce- 
dure. 














Acute management of unstable angina: The 
role of thrombolytic therapy in the acute manage- 
ment of unstable angina has been evaluated in a 
number of small studies. Except for patients with 
totally occluded ischemia-producing vessels, the 
angiographic benefits of thrombolytic therapy have 
not been overwhelming (Table I). In fact, most of 
the studies that have assessed the angiographic 
response to thrombolytic therapy in culprit arteries 
not totally occluded have shown that decreases in 
percent coronary stenosis are relatively minor, 
when they occur at all. In studies utilizing quantita- 
tive analysis of coronary anatomy after thromboly- 
sis in unstable angina, the studies of Ambrose et 
al” and Topol et al* showed no consistent angio- 
graphic improvement, whereas the study of 
DeZwaan et al” showed improvement in a subset 
of patients with subtotally occluded arteries as well 
as patients with total coronary occlusion. In this 
latter study, 33% of patients with arteries > 90% 
and < 100% stenosed demonstrated small improve- 
ments, and 3 other patients demonstrated im- 
proved distal flow after thrombolysis while the 
lesions remained > 90% stenotic. This is consistent 
with the concept that significant improvements in 
blood flow may accompany minimal improvements 
in arterial patency, since the pressure gradient 
across a stenosis is inversely related to the fourth 
power of the lumen diameter.” This may also help 
explain why Topol et al” were able to demonstrate 
an increase in the pacing threshold to ischemia 
following thrombolytic therapy in unstable angina 
despite a lack of definite angiographic improve- 
ment. In studies analyzing angiographic responses 
to thrombolysis in unstable angina without the use 
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TABLE I Thrombolytic Trials in Unstable Angina 


No. 
Patients 


Agent/Dose 


Study 


Vetrovec et al*® 
UIC 


Mandlekorn et al?’ 
min 
Ambrose et al**? 36 


Gold et al?” 24:12 with t-PA, 12 


controls hr 
Gotoh et al*® 37 
to 40 min 


DeZwaan et al'° 41 
IV over 3 hr 


40:20 with t-PA, 20 
controls 


Topol et al** 
over 8 hr 


Schreiber et al*® 25:12 with UK, 13 controls 


67:23 low dose, t-PA, 21 
high dose, 22 controls 


Williams et al°° 


ASA 


SK, mean dose of 187,000 


SK, 30,000 U IC over 90 


SK, 100,000 to 300,000 U 
IC over 40 min 

t-PA 1.75 mg/kg IV over 12 

UK, 24,000 U/min over 10 


21:SK, 250,000 U IC over 
45 min; 20:t-PA, 100 mg 


t-PA, 150 mg IV 


UK, 3,000,000 U IV plus 
heparin vs ASA 


High or low dose t-PA + 
heparin/ASA vs heparin/ 


Results of 


Angiography Thrombolysis 


Post Clinical and angiographic improve- 
ment in most, but usually minor 
angiographic changes; 2 T’s re- 
canalized 

4 of 9 with UA had angiographic 
improvement, 2 with > 10% 
change 

5 of 36 with angiographic improve- 
ment, 2 with MI 12 hr post SK 

Clinical and angiographic improve- 
ment in most 

20 of 21 with thrombus had angio- 
graphic improvement; recurrence 
of angina and MI not prevented 

10 of 13 with T and 9 of 15 with 
<T had angiographic improve- 
ment; recurrence of angina and 
MI not prevented 

Most without significant angio- 
graphic improvement, but in- 
creased pacing thresholds to an- 
gina. 

No difference in thrombi or lesion 
severity but significantly fewer 
ischemic end points with UK/hep- 
arin 

Small decrease in stenosis severity 
in all groups. Only significant in 
low dose t-PA group 


*Study included 8 patients with non-Q-wave infarction. tStudy utilizing quantitative techniques for coronary analysis. 
CABG = coronary artery bypass grafting; MI = myocardial infarction; post = angiography after thrombolysis; pre = angiography before thrombolysis; PTCA = percutaneous 
transluminal coronary angioplasty; SK = streptokinase; T = total coronary occlusion; <T = <100% occluded; t-PA = tissue plasminogen activator; UA = unstable angina; UK = 


urokinase; ASA = aspirin. 


of quantitative techniques, any angiographic im- 
provements in percent stenosis were usually < 10% 
when the ischemia-related artery was less than 
totally occluded before therapy.” Unfortunately, 
in some studies even when angiographic improve- 
ment occurred, there was no consistent clinical 
benefit. 

It has been suggested that a favorable angio- 
graphic response to thrombolytic therapy may be 
correlated with the demonstration of an intracoro- 
nary thrombus on pretreatment angiography. In 
the study of Gotoh et al,” angiographic improve- 
ment was noted in 20 of 21 patients with an 
intracoronary thrombus and in 16 of 21 patients 
with ST-segment elevation during chest pain. All 
patients underwent angiography during episodes 
of rest pain and most of these patients had either 
total or subtotal coronary occlusion. However, it 
seems likely given the angiographic features and 
prolonged episodes of rest pain with ST-segment 
elevation, that some of these patients were evolv- 
ing a myocardial infarction rather than having 
unstable angina. 

Two recent studies on thrombolytic therapy in 
the acute management of unstable angina deserve 
some additional comment. In a preliminary obser- 





vation by Sansa et al,” 48 patients with unstable 


angina were randomized to receive 3 million units 
of intravenous urokinase and heparin or heparin 
alone versus placebo. Utilizing quantitative tech- 
niques before, 1 hour after therapy and 8 days 
later, both urokinase and heparin resulted in angio- 
graphic improvement in minimal lumen diameter ` 
in a subset of patients. The response to urokinase 
was more evident at 1 hour after thrombolytic 
therapy. With heparin therapy, the most promi- 
nent effect was seen at 8 days, suggesting enhanced 
endogenous fibrinolysis in the presence of heparin. 
However the effect was variable because a number 
of patients treated with urokinase or heparin 
showed no significant improvement in any angio- 
graphic variable. 

In another study, Williams et al” randomized 67 
patients with unstable angina, and catheterized 
them within 3 days of the onset of symptoms to 
either low dose intravenous tissue-type plasmino- 
gen activator (t-PA) (0.75 mg/kg over 1 hour), high 
dose intravenous t-PA (total dose 100 mg over 6 
hours) or intravenous placebo. All patients re-. 
ceived intravenous heparin and aspirin. At 12-48 
hours, all patients had repeat coronary angiogra- 
phy to assess changes in the severity of coronary 
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stenosis. Each group of patients, including the 
group receiving only aspirin and heparin, had a 
small reduction in the severity of coronary stenosis 
at repeat angiography, with only the low dose t-PA 
group achieving statistical significance. Resolution 
of intracoronary filling defects and improvements 
in antegrade flow also occurred equally among the 
different groups. Although there was considerable 
variation in individual patient responses as noted 
in other studies, decreases in stenosis severity or 
improvements in flow appeared more consistently 
in the patients receiving t-PA, although these 
differences were not significant. 

Based on the results of these small studies, 
thrombolytic therapy appears to have limited effi- 
cacy in improving angiographic patency in unstable 
angina. Several possibilities may help to explain 
this.’ The degree of plaque disruption in unstable 
angina may be relatively minor compared with that 
in myocardial infarction, thus resulting in either a 
relatively smaller volume of intraluminal throm- 
bus, or thrombi that are less firmly anchored and 
more susceptible to rapid endogenous lysis. 
Thrombi in unstable angina may be intermittent, 
corresponding to episodes of chest pain at rest. 
Such thrombi may be partly or mostly intraintimal 
and may contribute to a major change in lesion 
geometry with relatively little propagation of the 
thrombus into the lumen where it would be a target 
for exogenous thrombolytic agents. Since thrombi 
in unstable angina tend to be nonocclusive, they 
may be relatively richer in platelets and poorer in 
fibrin than occlusive thrombi found in myocardial 
infarction. Platelet thrombi would be resistent to 
fibrinolytic drugs. Finally, in keeping with the 
pathologic data of Falk,” who demonstrated layers 
of partly organized thrombi of differing ages in 
patients dying after a bout of unstable angina, a 
complex unstable lesion may contain relatively 
little fresh thrombus susceptible to pharmacologic 
thrombolysis. 

All the presently available studies are small and 
except for one comprise fewer than 50 patients. At 
this time, there is no clear consensus on which 
patients with unstable angina will demonstrate 
angiographic improvement with thrombolysis, or 
whether this will result in clinical improvement or 
protection from adverse cardiac events. Because 
these studies differed in patient populations, tim- 
ing of angiography after episodes of rest pain, the 
dose, route and duration of thrombolytic therapy, 
angiographic end points and the use of control 
groups, the role of thrombolytic therapy in the 
acute management of unstable angina will not be 








clearly delineated until the results of large ongoing 
trials are reported. 

Thrombolytic therapy as an adjunct to angio- 
plasty in unstable angina: A new and potentially 
useful indication for thrombolytic therapy involves 
its use during angioplasty in patients with unstable 
angina. The incidence of acute closure is increased 
in such patients, and preliminary results indicate 
potential benefit for the use of small doses of 
intracoronary thrombolytic agents following acute 
vessel closure, or as prophylaxis in high risk cases, 
such as unstable angina with a short duration of 
instability (<1 week) or when an intracoronary 
thrombus is evident prior to angioplasty.” In a 
randomized double-blind pilot trial of urokinase 
preceding angioplasty in unstable angina, we have 
demonstrated that administration of 150,000 U of 
intracoronary urokinase before wire placement 
resulted in significantly fewer possible and definite 
intraluminal filling defects 15 minutes following 
final balloon inflation.” An ongoing randomized 
trial of the multicenter Thrombolysis and Angio- 
plasty in Unstable Angina (TAUSA) Study Group 
is presently evaluating the role of 250,000 U of 
intracoronary urokinase versus placebo in decreas- 
ing acute complications of angioplasty. More than 
900 patients with unstable angina and ischemic 
electrocardiographic changes or rest angina follow- 
ing myocardial infarction will be randomized. Re- 
sults should be available by the end of 1991. 
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Characterization of Atherosclerotic Lesions by 
Intravascular Ultrasound: Possible Role in 
Unstable Coronary Syndromes and in 
Interventional Therapeutic Procedures 


Gad Keren, mb, and Martin B. Leon, mp 


he clinical transition from chronic to acute 
coronary syndromes, including unstable an- 
gina and acute myocardial infarction, is 
attributed to dynamic changes in the composition 
and morphology of the atherosclerotic plaque. 
Angiographic studies in these patients revealed 
eccentric stenoses with irregular borders suggest- 
ing ruptured atherosclerotic plaques. These patho- 
logic processes were verified also by angioscopy 
and histologic examination.’ Namely, plaque dis- 
ruption, platelet activation, and thrombus forma- 
tion are the underlying events of the acute coro- 
nary syndromes and are probably associated with 
soft lesions, thinning of the fibrous cap, and high 
concentration of extracellular lipids in the plaque. 
Intravascular ultrasound is the only imaging 
technique that provides cross-sectional images of 
the arterial walls and has the potential to assess 
plaque composition.*” The practicality of using this 
technique in acute coronary syndromes to differen- 
tiate plaque subtypes and ultrasound properties of 
atheroma components will be discussed. We will 
also present our experience with in vivo intracoro- 
_ nary imaging during catheter-based interventional 
procedures. 


CORONARY ANGIOGRAPHY IN 
UNSTABLE ANGINA 

Several reports described the presence of intra- 
coronary thrombus in acute ischemic syndromes.*” 
Ambrose et al®*’ found an eccentric lesion in 70% 
of patients with unstable angina but only in 16% of 
patients with stable angina. The lesions were asso- 
ciated with irregular borders, classified as type II 
and believed to correlate with atherosclerotic 
plaques that have undergone fissuring and throm- 
bus formation. 
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Marked progression of coronary lesions is com- 
mon in patients who develop unstable angina. 
Lesions usually progress from previously insignifi- 
cant stenoses to almost complete occlusion with a 
narrow neck and irregular borders.” 


HISTOLOGIC FEATURES OF THE 
ATHEROSCLEROTIC LESION IN 
UNSTABLE ANGINA 

Postmortem angiographic studies in patients 
dying after myocardial infarction or at bypass 
surgery have shown that eccentric irregular lesions 
represent plaque rupture, or a partially occlusive 
thrombus, associated dissecting hemorrhage or 
superimposed partially occlusive or recanalized 
thrombus.’ Kragel et al’ identified the following 
components in the atheroma of patients with acute 
ischemic syndromes: (1) dense fibrous collagenous 
tissue; (2) loose fibrous tissue with more delicate 
arrangement of collagen; (3) cellular fibrous tissue, 
including spindle cells (smooth muscle cells, fi- 
brous cells) and collagen and elastin fibers; (4) 
heavily calcified tissue identified as amorphous 
aggregates on hematoxylin and eosin staining or on 
Movat pentachrome staining; (5) pultaceous debris 
that is rich in extracellular lipid; (6) foam cells with 
or without lymphocytes; and (7) inflammatory 
infiltrates without significant number of foam cells 
and usually located around vessels. 

The studies of Kragel et al” indicate that the 
major component of the atherosclerotic plaques in 
the four major epicardial arteries in patients with 
unstable angina at rest is a combination of cellular 
and dense acellular fibrous tissue (82-88%). Pulta- 
ceous debris, calcium, loose fibrous tissue, inflam- 
matory infiltrates, and foam cell aggregations made 
much smaller portions of the plaques. Plaque 
composition was similar in each of the 4 major 
coronary arteries and varied as a function of the 
cross-sectional area narrowing of the segments 
under study. In all patients with acute ischemic 
syndromes (unstable angina, myocardial infarc- 
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tion, sudden death), the amount of dense relatively 
acellular fibrous tissue, pultaceous debris, calcium, 
and inflammatory infiltrates without foam cells 
increased and the amount of cellular fibrous tissue 
decreased in a linear fashion with increasing de- 
grees of cross-sectional narrowing of the segments. 

Although the major components of the plaque 
in patients with acute myocardial infarction, sud- 
den cardiac death, and unstable angina is a combi- 
nation of dense and cellular fibrous tissue, signifi- 
cant differences occur in the mean percentage of 
plaque occupied by pultaceous debris, which is 
about 8% in patients with angina at rest and 
sudden cardiac death, conditions associated with a 
low frequency of intraluminal thrombi in autopsy 
studies, compared with 16% in patients with fatal 
myocardial infarction, which is associated with 
high frequency of intraluminal thrombi on autopsy 
studies. Because occlusive thrombi usually overlie 
plaque rich in pultaceous debris, the differences in 
the mean percentage of pultaceous debris in these 
subsets of patients with coronary artery disease 
may explain the differences in the frequency of 
intraluminal thrombi. 

Other investigators have emphasized the role of 
plaque fissuring and rupture in the development of 
unstable angina. They suggested that in some 
patients the atherosclerotic plaque is unstable and 
fibrous cap ruptures with dissection of blood into 
the lipid pool of the plaque. A mass of thrombus 
rich in platelets but also containing red cells and 
fibrin develops inside the intima and leads to 
expansion of the plaque. Some patients may have a 
massive thrombotic response within the lumen. 


ULTRASOUND AND HISTOLOGIC VALIDATION 
STUDIES 

Recent studies have shown that intravascular 
ultrasound can provide high quality images of 
vessel wall structure and atheroma morphology. 
Pandian et al'’ demonstrated excellent correlation 
between ultrasound and histologic findings for 
lumen area, lumen diameter, and wall thickness. 
Meyer et al” described the 3 layer appearance of 
the ultrasound images obtained from samples of 
femoral and iliac arteries obtained during autopsy. 
The intima was echogenic, the media hypoechoic, 
and the adventitia hyperechoic. Gussenhoven et 
al?" used later a 40 MHz ultrasound device 
mounted on a motor-driven catheter and studied 
autopsy specimen of human carotid and iliac arter- 
ies. They observed by histologic examination two 
types of arteries: muscular and elastic. The media 
of the muscular arteries is practically devoid of 





elastin fibers, whereas the media of the elastic 
arteries consist mainly of densely packed concentri- 
cally arranged elastin fibers amid smooth muscle 
cells. The two types are not sharply divided, since 
elastic arteries gradually merge into muscular arter- 
ies. On ultrasound, a muscular artery was recog- 
nized by the hypoechoic media, with a clear defini- 
tion of the internal and external elastic lamina 
showing bright echoes so that the typical 3-layered 
appearance was well defined. An elastic artery was 
recognized by a media that was as bright as the 
surrounding tissues, such as the intima and the 
adventitia. Whereas Meyer et al”? suggested that 
the hypoechoic appearance is due to a relative lack 
of collagen, Gussenhoven et al suggest that it is due 
to scarcity of elastin in the muscular media. Similar 
findings were observed by Nishimura et al’ who 
divided the arteries according to the relative amount 
of muscle cells and elastic fibers in the media. 
Potkin et al? showed that in atherosclerotic coro- — 
nary arteries the internal elastic membrane could 
be identified in normal and diseased segments, 
whereas the external elastic membrane could be 
accurately delineated only in less diseased seg- 
ments. Siegel et al’ used microsurgical techniques 
to remove different arterial wall layers (intima and 
internal elastic membrane, media or adventitia) 
and proved that the inner ring in the 3-ring 
appearance of the human vessel emanates from the 
intima—internal elastic lamina. The middle hypo- 
echoic ring is from the media and the outer 
echodense ring is from the external elastic lamina 
and adventitia. 


ATHEROSCLEROTIC PLAQUE 
CHARACTERISTICS 

Atherosclerotic plaques, as described in previ- 
ous sections, have a heterogeneous composition. 
Gussenhoven et al’*"* recognized 4 types of plaques: 
collagen rich fibrous plaque that was identified by 
bright echoes, calcific deposits that showed very 
bright echoes with shadowing, lipid accumulation 
that presented the most echolucent signal, and 
fibromuscular tissue with diffusely dispersed elastic 
fibers that has an echodensity in between that of 
fibrous tissue and lipid accumulation. Atheroscle- 
rotic plaques are to a variable degree covered by a 
dense fibrous plaque, which on ultrasound imaging 
was recognized as a more reflective structure 
separating the lesion from the arterial lumen. 
Shadowing behind the bright echoes is quite spe- 
cific for the presence of calcium. Potkin et al 
studied 21 human coronary arteries obtained at 
necropsy from 13 patients. Ultrasound and histo- 
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logic sections correlated significantly for cross- 
sectional area, residual lumen cross-sectional area, 
percent cross-sectional narrowing, and plaque- 
media thickness. Ultrasound predicted all or at 
least 1 histologic plaque component in 98% of 
cases. The lumen plaque and media adventitia 
interfaces were easily discernible. Calcified plaques 
showed bright echoes with acoustic shadows. Fi- 
brous plaques were bright but homogenous and 
lipid-laden lesions were relatively echolucent. Fi- 
brous and calcific plaques are correctly identified 
in most patients. Lipid-containing and mixed le- 
sions are less well identified. Similar results were 
described by Bartorelli et al” and other investiga- 
tors. $” 

Intravascular ultrasound may detect the exist- 
ence of vascular thrombus as speckled echo signal 
softer than a dense atheroma echo signal (Figure 
1). This ultrasound characteristic is difficult to 
~ differentiate, according to our experience, from the 
ultrasound pattern of soft echogenecity originating 
in plaques composed mainly of loose connective 
tissue or fibromuscular tissue.”””' 


INTRAVASCULAR ULTRASOUND 
IN VIVO STUDIES 

The feasibility of performing intravascular ultra- 
sound in vivo was proved first in the animal 
laboratory and more recently in the cardiac cathe- 
terization laboratory in both peripheral and coro- 
nary vessels. The use of intravascular ultrasound in 
the peripheral circulation was described by Gurley 
et al.” They imaged normal and atherosclerotic 
stenotic segments and suggested that the technique 


THROMBUS 


FIGURE 1. Thrombus located in a vein graft (VG) as visual- 
ized by intravascular ultrasound. 








is feasible, safe, and provides reliable measure- 
ments of vessel dimensions. Similar findings were 
observed by Nissen et al.” The same group de- 
scribed the feasibility of imaging proximal coronary 
arteries and obtaining reliable images without 
significant untoward effects. Further studies in the 
peripheral circulation by Isner et al” corroborated 
findings by others that in areas of disease the 
3-layer appearance of the artery is obscured. The 3 
layers described in muscular vessels in the in vitro 
studies are only partially maintained in vivo in the 
normal segments. According to our experience 
with in vivo ultrasound studies in 76 patients with 
coronary artery disease, the normal arterial seg- 
ments are relatively homogeneous in appearance 
and the classic 3 layers cannot always be distinctly 
appreciated (Figure 2). This is even more marked 
in diseased segments of the vessels where the 
different wall layers underlying the atheroma can- 
not be differentiated. In accordance with previous 
pathologic and transepicardial echocardiographic 
studies, we have observed that coronary atheromas 
are frequently present in angiographically “normal” 
vessels (Figure 3). We evaluated the coronary 
angiograms in 50 patients undergoing therapeutic 
interventional procedures and found at least 1 
unequivocal angiographically normal segment (in 
the left main, left anterior descending/left circum- 
flex LAD/LCX bifurcation, proximal to lesion or 
distal to lesion) in 24 patients in whom intravascu- 
lar ultrasound imaging was performed. Atheroscle- 
rotic plaques were detected in 24 of the 76 angio- 
graphically normal segments, including 5 left main 





FIGURE 2. Bifurcation of the left main (LM) coronary ar- 
tery. Notice the absence of atheroma and the difficulty to 
distinguish the 3 layers (intima, media, adventitia) of a 
normal vessel wall in real time. LAD = left anterior de- 
scending. 
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coronary arteries and 2 bifurcations of the left 
main to the left anterior descending and left 
circumflex coronary arteries. In these normal seg- 
ments, 13 lesions were eccentric, 11 were concen- 
tric, and compositional analysis revealed fibrous 
components (including fibrous cap) in 21 (87%), 
calcium in 6 (25%) and soft loose echogenic 
atheroma in 9 (38%). This ultrasound diagnosis of 
plaque composition in angiographically normal 
segments differed from stenotic lesions at treat- 
ment sites, wherein only 4 of 24 atheromas (17%) 
were eccentric, calcium was more abundant (50%) 
and soft atheromas were rare. Our data supported 
pathologic observations that subclinical atheromas 
occur frequently in angiographically normal coro- 
nary vessels and that morphologic analysis of ather- 
omas indicates differences in these mild lesions 
compared with stenotic lesions. 


INVASIVE CARDIOLOGY 

Over the last few years, a large variety of 
interventional procedures have emerged to treat 
the atherosclerotic flow limiting lesions invasively, 
either by balloon dilation of the diseased segments 
or by removal of atherosclerotic plaque. Angiogra- 
phy and angioscopy, although providing important 
anatomic information, are unable to assess changes 
in wall structure and geometry and intravascular 
ultrasound is the only technique that provides 
qualitative and quantitative measures of wall archi- 
tecture and plaque morphology. 





FIGURE 3. Atheroma (A) is localized between 6 and 11 
o’clock. It is composed of a dense echogenic fibrous cap 
mainly between 9 and 11 o’clock and the remaining ather- 
oma Is soft, probably of loose connective tissue and ex- 
tracellular fat. This image was obtained from an angio- 
graphically “normal” segment. 





The role of intravascular ultrasound in assessing 
interventional procedures was shown first in in 
vitro studies after balloon angioplasty and atherec- 
tomy.” The feasibility of real-time imaging was 
later demonstrated in animal models before final 
use in patients with peripheral vascular disease and 
later in the coronary circulation.” 

At the Washington Hospital Center, we have 
studied 76 patients immediately after various inter- 
ventional procedures to treat flow-limiting coro- 
nary lesions in patients with class 3, 4, or unstable 
angina. Interventions were performed in 28 pa- 
tients in the left anterior descending coronary 
artery, in 21 patients in the right coronary artery, in 
7 patients in the left circumflex artery, and in 20 
vein grafts. The interventions included balloon 
angioplasty in 24 patients, directional atherectomy 
in 15 patients, transluminal extraction in 10, rota- 
tional atherectomy in 3, laser angioplasty in 1 
patient, and stent implantation in 23. Intravascular 
imaging was performed with a motor-driven single 
crystal catheter (20 MHz, Intertherapy) rotated at 
1,800 rpm within a 1.6 mm protective sheath. 

We have observed that balloon angioplasty re- 
sults may depend on atheroma composition (Fig- 
ure 4). Angiographic improvement after balloon 
angioplasty and reduction of percent diameter 
stenosis from 90 + 9 to 18 + 7 was associated with 
significant residual atheroma at the angioplasty 
site, indicating that geometric distortion of vessel 
wall contours was the main determinant of in- 
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FIGURE 4. Dissection of a plaque following balloon angio- 
plasty. Notice the dense echogenecity of the fibrous cap. 
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creased lumen area. Compared with angiography, 
intravascular ultrasound was more. sensitive in 
detecting balloon angioplasty-induced dissections 
and fissures. Angiographically successful angio- 
plasty procedures, in vessels with atheroma that 
were Classified by ultrasound as being “hard” 
(highly echoic components suggesting fibrous tis- 
sue and/or calcification) were associated with dis- 
crete dissection planes often extending into the 
media (Figure 4). Angiographic failure in these 
cases was mainly due to noncompressible usually 
calcified lesions without dissection or due to abrupt 
closure that may result from extensive (at times 
circumferential) dissection with flow-limiting flaps 
(Figure 5). Successful balloon angioplasty in “soft” 
echogenic ‘esions (suggesting lipid, cellular, or 
thrombotic elements) were associated with multi- 
ple superficial fissures in the atheroma and expan- 
sion of the vessel wall. 

The intravascular ultrasound observations in 
patients who underwent directional atherectomy 
were distinct for the smooth lumen contours, lack 
of dissections, and deep focal resections into the 
media in 31% of patients. Despite the excellent 
angiographic results, significant retained atheroma 
was detected in all patients, suggesting mechanical 
remodeling as having an important role in success- 
ful results in these patients. Inadequate directional 
atherectomy in 2 of the patients was due to 
extensive circumferential calcification. Rotational 
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FIGURE 5. Circumferential calcification of an atheroscle- 
rotic plaque in left anterior descending coronary artery. 
This pattern of calcification resulted in acoustic shadow- 
ing behind the entire circumference of the plaque and also 
explained the failure of balloon angioplasty in this case. 
Small dissections in the atheroma are noticed. 








atherectomy was found highly effective in heavily 
calcified noncompressible lesions resulting in 
smooth lumen contours with intense echogenecity 
at the lumen interface with circular atherectomy 
channels conforming in shape and size to the high 
speed rotational atherectomy burr” (Figure 6). 


LIMITATIONS OF INTRAVASCULAR 
ULTRASOUND 

The advantages of ultrasound in describing wall 
structures are mainly in accurate distance measure- 
ments, assessment of plaque components and the 
diagnosis of vessel wall free of atherosclerotic 
disease. However, there are major limitations to 
the technology, which may hamper our ability to 
differentiate with certainty plaque subtypes. 

1. The characteristic 3-layer appearance of the 
normal arteries are usually obscured in diseased 
segments. This is because of attenuation of the 
media with progression of the atherosclerotic pro- 
cess and extensive calcification that is spread across 
the intima-media boundary, casting subjacent 
acoustic shadows. This may compromise our ability 
to determine the cross-sectional area of the arter- 
ies accurately and the cross-sectional narrowing by 
the plaque. Even in normal segments, the typical 
3-layer appearance in many studies is difficult to 
differentiate, probably due to relative changes in 
the abundance of elastic, collagen fibers, and 
muscle cells in the media and adventitia. 

2. Forward viewing is impossible by the current 
ultrasound equipment, since it has only side view- 
ing capabilities. Thus, composition of total occlu- 





FIGURE 6. Calcified atheroma in a left circumflex artery of 
a patient treated with high speed rotational atherectomy. 
The lumen is widely patent and an impression of “pulver- 
ization” of the atheroma is evident. 
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sions cannot be determined and angioscopy may be 
a superior alternative. Angioscopy is, at this stage, 
more accurate than ultrasound in the diagnosis of 
thrombus formation inside the arteries. 

3. The images are highly dependent on gain 
setting, and bright or mild echoes may be artifactu- 
ally generated by setting the gain in a nonstandard- 
ized manner. 

4. Image resolution of intravascular ultrasound 
is between 50 and 100 um and may not suffice to 
differentiate with accuracy intimal fissures that 
underlie acute ischemic syndromes. 

5. An important drawback is the limited knowl- 
edge and library of images and the unknown 
relation between the ultrasound images and the 
clinical outcome. The proper therapeutic response 
to various degrees of arterial trauma has to be 
determined. 

6. Important limitation of the current designs 
of ultrasound catheters is the size (5 F), which 
limits their use to medium-sized arteries following 
successful interventional procedures. Accessibility 
of stenosed segments prior to interventions, mainly 
in the coronary circulation, is very limited due to 
flow limitation and the development of ischemia. 

7. Nishimura et al“ and Chae et al” indicated 
that coaxial and central placement of the ultra- 
sound catheter is required for accurate measure- 
ment of lumen dimensions and arterial wall thick- 
ness. Angulation of 10-20 degrees between the 
transducer and the vessel wall results in remark- 
able deterioration in image quality and the ability 
to differentiate plaque components and subtypes. 


FUTURE DIRECTIONS 

Intravascular ultrasound is at present an investi- 
gational tool. Recent clinical studies, including our 
own observations, suggest that the arterial wall 
architecture can be studied in real time and impor- 
tant information can be obtained regarding distri- 
bution of atheroma and results of interventional 
procedures. Our experience and that of other 
groups confirm observations from pathologic stud- 
ies and from intraoperative echocardiographic stud- 
ies that angiography underestimates the extent of 
coronary artery disease. Intravascular ultrasound 
has the potential of discriminating between plaque 
subtypes and mainly differentiate calcified, dense 
fibrous and components of mild echogenecity such 
as lipid accumulation and loose fibrous tissue. The 
ability to differentiate thrombus with high speci- 
ficity is not yet established but may be improved if 
tissue characterization technology is applied to 
intravascular ultrasound. 
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Antiplatelet and Antithrombotic Therapy in 
Unstable Angina 


Pierre Théroux, MD 


In 4 well-controlled clinical trials, aspirin reduced 


the incidence of coronary events in unstable an- 
gina. The benefits were present during the acute, 
subacute and more chronic phases of the dis- 
ease and were independent of the doses and of 
other protocol differences. This benefit of aspirin 
can be extended to some, but not all, other anti- 
platelet drugs. In 4 clinical trials, heparin used 
acutely added substantial benefit to the manage- 
ment of unstable angina, reducing the event rate 
and also the incidence of refractory angina more 
than aspirin. The long-term benefit of antithrom- 
bin therapy remains to be more thoroughly inves- 
tigated. Despite these successes, the failure 
rate of aspirin and of heparin remains high, justi- 
fying a continuing search for more potent and 
safe antiplatelet and antithrombotic drugs. 

(Am J Cardiol 1991;68:92B—98B) 


From the Montreal Heart Institute, Montreal, Canada. 

Address for reprints: Pierre Théroux, MD, Montreal Heart 
Institute, 5000 Belanger Street East, Montreal, Quebec, H1T 1C8, 
Canada. 


nstable angina implies underlying coro- 

nary artery disease,’ an unstable athero- 

sclerotic plaque, accelerated atherosclero- 
sis, but only minimal or no myocardial damage. 
The traditional definition included crescendo an- 
gina—with or without previous angina—and pro- 
longed chest pain, usually with electrocardio- 
graphic changes but no enzyme elevation.’ This 
definition has been recently extended to include 
patients with early postmyocardial infarction an- 
gina’® and patients with non-Q-wave infarction’ 
based on a high incidence of infarct extension 
during the hospital stay in these patients and of 
cardiac events during the first year of follow-up." In 
these conditions, the extent of myocardial necrosis 
is usually limited and wall motion abnormalities 
may partly be explained by stunned myocardium, 
without significant long-term myocardial dys- 
function. 

The pathophysiologic processes involved in non- 
Q-wave infarction are believed to be quite similar 
to the more classic form of unstable angina. Con- 
verging lines of evidence derived from pathologic 
observations,” coronary angiographic" and angio- 
scopic studies” and biochemical and blood coagula- 
tion tests*™™ have highlighted the predominant 
roles of plaque rupture, platelet aggregation and 
thrombus formation as the underlying causes for 
lumen obstruction with myocardial ischemia occur- 
ring at rest or with minimal exercise. 

Clinical trials testing various therapeutic strate- 
gies have also contributed evidence pointing to the 
role of focal thrombogenesis as the cause of unsta- 
ble angina. These trials have shown the protective 
effect of antiplatelet and antithrombotic therapy 
against the occurrence of severe clinical events. 
How this beneficial effect is expressed at the level 
of the active plaque remains largely unknown. Are 
lipid accumulation, smooth muscle cell prolifera- 
tion and progression of coronary artery disease 
also prevented? These questions need to be ad- 
dressed in future clinical trials. 
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ROLE OF ANTIPLATELET THERAPY IN 
UNSTABLE ANGINA 

Aspirin, sulfinpyrazone, prostacyclin and ticlopi- 
dine have been tested in unstable angina and the 
benefits of aspirin have been well documented in 4 
major trials (Table I, Figure 1). 

The results of the Veterans Administrative 
Cooperative study were published in 1983." The 
study included 1,266 men randomized to aspirin in 
an effervescent buffered powder, 324 mg, or to a 
buffer placebo alone. Patients with non-Q-wave 
myocardial infarction were excluded. The inclusion 
criteria defined a population with a high likelihood 
of coronary artery disease and new onset or sudden 
worsening of angina at rest or at minimal exercise. 
Treatment was initiated within 51 hours of admis- 
sion and maintained for 12 weeks. End points 
analyzed were death and new myocardial infarc- 
tion. Death occurred in 21 (3.3%) of the placebo 
patients and nonfatal myocardial infarction in 44 
(6.9%); with aspirin, the risk was reduced by 51% 
with 10 deaths (1.6%, p = 0.059) and 21 nonfatal 
myocardial infarctions (3.4%, p = 0.002). Nearly 
75% of the patients received B blockers in the trial 
as concomitant therapy. 

In the Canadian Multicenter Trial, the sample 
size was smaller but the follow-up extended to a 
mean of 18 months.” The study included women in 
a proportion of 1 to 4 men. The entry criteria are 
unclear but patients with non-Q-wave myocardial 
infarction were definitely excluded. Of 27,668 pa- 
tients screened, 555 entered the trial. The random- 
ization process, performed late after hospital admis- 
sion, within 8 days, included 4 study groups: aspirin 
325 mg 4 times a day, sulfinpyrazone 200 mg 4 
times a day, both or neither. Since sulfinpyrazone 
had no effect on the primary end points of the trial, 





TABLE I Protocol Considerations on Aspirin Trials 


Reference Population 























Drugs and Doses 


Lewis et al? Men only ASA, 324 mg <51 hours MI 12 weeks 
Recent use of ASA, previous bypass Placebo Death 
surgery and non-Q MI excluded 
Cairns et al!” Non-Q MI excluded ASA 1.3g <8 days MI 18 months 
Placebo death 
Théroux et al® Recent use of ASA excluded ASA 650 <24 hours MI 6 days 
Placebo Death 
Refractory angina 
Balsano et al’? Recent use of ASA, previous bypass Ticlopidine 500 mg < 48 hours MI 6 months 
surgery and non-Q MI excluded Usual treatment Death 
Wallentin et al?° Men only ASA 75 mg <72 hours MI 3 months 
Exercise test as entry criteria Placebo Death 
Exclusion of noneligible 
Neri Serneri et al?’ Refractory unstable angina ASA 325 mg <24 hours Recurrent 1 week 
ischemia 


ASA = aspirin; MI = myocardial infarction. 
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FIGURE 1. Relative risk for fatal and nonfatal myocardial 
infarction (top) or for any cardiac event (bottom) in recent 
clinical randomized trials using aspirin, heparin or the 
combination in unstable angina. MI = myocardial infarc- 
tion; RR = relative risk; 95% CL = 95% confidence limits; 

* ticlopidine was used as antiplatelet agent; {results in 
this section include the incidence of fatal and nonfatal 
myocardial infarction and of refractory angina and are lim- 
ited to the acute hospitalization phase. 


nonfatal or fatal myocardial infarction (risk reduc- 
tion vs placebo 6.1%, p = 0.589), the results are 
presented only with respect to aspirin. By intention- 
to-treat analysis, the incidence of death was 16% 


Duration of 
Follow-up 





Randomization End Points 
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(16 patients) with aspirin and 11.7% (28 patients) 
without (p = 0.035). Risk reduction for the com- 
bined end point of cardiac death and nonfatal 
myocardial infarction was 30% (p = 0.072). A 
large proportion of the patients enrolled in this 
study (116 patients) required rehospitalization for 
unstable angina and 175 had bypass surgery at 
some point during follow-up. The distribution of 
these patients among the 4 study groups appears to 
have been similar. 

The third study was limited to the acute hospital- 
ization phase of unstable angina and the patients, 
including men and women, were randomized as 
soon as possible after hospitalization, a mean of 
7.9 + 8.0 hours after onset of pain.” The study was 
terminated 6 + 3 days later, when definitive ther- 
apy had been selected for the patients, usually after 
coronary angiography. Four study groups were 
defined: aspirin 325 mg twice a day, intravenous 
heparin to increase the partial thromboplastin time 
to 1.5 to 2 times control values, the combination of 
aspirin and heparin or 2 placebos. Some enrolled 
patients had non-Q-wave myocardial infarction. 
The relative risk for developing myocardial infarc- 
tion with aspirin in the study compared with the 
placebo group was 0.29 (95% confidence limit [CL] 
0.08 to 0.80). No death was observed with aspirin 
and 2 occurred with placebo. Refractory angina 
was a primary end point in this study and was 
defined by strict criteria of the presence of recur- 
rent anginal pain with ST-T changes despite full 
medical therapy, or the need for an urgent interven- 
tion. Although less frequent with aspirin, the 
decrease in the incidence of refractory angina did 
not achieve statistical significance (relative risk 
[RR] 0.67; 95% CL 0.35 to 1.27). 

The recently published Studio della Ticlopidina 
nell’Angina Instabile group included a large popu- 
lation of 657 patients to test the efficacy of ticlopi- 
dine, an antiplatelet agent with a different mecha- 
nism of action.” The study was randomized but not 
placebo controlled. Ticlopidine 250 mg twice a day 
was simply added or not to the conventional triple 
therapy with nitrates, B blockers and calcium 
antagonists. Use of aspirin was not allowed during 
follow-up. Criteria for unstable angina were clearly 
defined and patients were enrolled within 48 hours 
after admission and followed for a period of 6 
months. Patients with previous bypass surgery were 
excluded as well as patients with non-Q-wave 
infarction. The incidence of nonfatal myocardial 
infarction was reduced from 8.7% (27 patients) to 
4.2% (12 patients) (RR 0.46; 95% CL 0.23 to 0.90). 





The mortality rate showed a trend in the same 
direction (RR 0.53, 95% CL 0.23 to 1.24). 

The RISC study, presented at the American 
Heart Association meeting in 1989, included 796 
patients in a double-blind, randomized, placebo- 
controlled trials with 4 study arms.” Men <70 
years old were recruited based on a history of 
crescendo angina and electrocardiographic changes, 
enzyme elevation or a positive treadmill test. Pa- 
tients with non-Q-wave myocardial infarction were 
included but patients with previous bypass surgery 
were excluded. Patients were randomized within 
72 hours after admission but a large proportion was 
subsequently excluded because of not meeting the 
entry criteria. The study arms were aspirin 75 mg 
daily for the duration of the trial, intravenous 
heparin at a fixed dose of 30,000 U/24 hours for 5 
days, both treatments and neither treatment. Fol- 
low-up extended to 90 days. The end points mea- 
sured were myocardial infarction, death and the 
need for bypass surgery. The preliminary report 
presented the data for the first 2 end points. With 
aspirin compared with placebo, the relative risk at 
5 days was not significantly modified (0.57; 95% CL 
0.24 to 1.57) but achieved a statistically significant 
reduction by 90 days (0.41; 95% CL 0.21 to 0.74). 

These trials document the usefulness of aspirin 
to prevent cardiac events (death and myocardial 
infarction) during the acute (first 5 days), subacute 
(12 weeks) and chronic (2 years) phases of unstable 
angina. In the more chronic phase the amount of 
cardiovascular protection is in the same range as in 
other populations with cardiovascular disease.” In 
the more acute phases the benefit is greater, in 
accordance with the less favorable early prognosis 
of an acute disease process involving platelet aggre- 
gation and thrombus formation. Long-term benefi- 
cial effect may be related to somewhat different 
pathophysiologic mechanisms or factors more di- 
rectly related to factors influencing prognosis of 
coronary disease itself and to secondary preven- 
tion. 

These trials also documented that the benefit 
was not limited to aspirin but also extended to 
other antiplatelet drugs such as ticlopidine. No 
benefit was shown with sulfinpyrazone, although 
the medication was tested in a limited number of 
patients and not during the very acute phase of the 
disease.” 

The main effect of aspirin is to irreversibly 
acetylate the enzyme cyclooxygenase, inhibiting 
the conversion of arachidonic acid to endoperox- 
ides. This inhibition leads to a decrease in throm- 
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boxane A, generation by platelets and of prostacy- 
clin by the vascular endothelium. An imbalance 
between thromboxane A,, a potent platelet aggre- 
gator and vasoconstrictor, and prostacyclin, a po- 
tent platelet inhibitor and vasodilator, has been 
proposed as a potential mechanism for unstable 
angina and its sequelae.” Clearly, results of clinical 
trials suggest that this mechanism is not of major 
importance.’ High doses of aspirin (325 mg 4 times 
a day) produce sustained inhibition of prostacyclin, 
yet are protective in unstable angina. Prostacyclin 
infused at therapeutic doses has no clinical benefit 
despite platelet inhibition and an absence of unfa- 
vorable hemodynamic effects.” These observations 
suggest that the thromboxane A, side of the bal- 
ance could play the more important role in unsta- 
ble plaques. However, sulfinpyrazone is an inhibi- 
tor of the enzyme cyclooxygenase and has no clear 
benefit. Also, inhibition by aspirin to the aggregat- 
ing agents adenosine diphosphate, collagen, epi- 
nephrine and thrombin is only partial and further 
platelet adhesion and platelet secretion are not 
affected by aspirin. In other words, aspirin inhibits 
only 1 of the many pathways of platelet activation.” 
Aspirin and sulfinpyrazone possess other effects on 
platelet function, which may perhaps partly explain 
some of the clinical effects.” Conversely, the 
partial inhibition may explain the partial clinical 
failure of aspirin with a substantial mortality and 
myocardial infarction rate despite its use, a lack of 
benefit in controlling recurrent angina during hos- 
pitalization and follow-up, and also the frequent 
occurrence of new unstable angina in patients 
regularly treated with aspirin. Indeed, nearly 40% 
of our patients now admitted for unstable angina 
used aspirin when developing the unstable state. 


TABLE Il Protocol Considerations on Heparin Trials 


Population Doses 


Telford and Wilson? Non-Q excluded 


Exclusion of noneligible Placebo 
Non-Q excluded 
Small population 


Williams et al?’ 
No placebo 
Théroux et al? Non-Q included 
Placebo 
Wallentin et al*° Non-Q included 
Exercise test as entry criteria 
Exclusion of noneligible 
Refractory, unstable angina 


5,000 U q6h 
Placebo 


Neri Serneri et al? 
6,000 U q6h 
rt-PA 


7,500—10,000 U q6h. 


10,000 U q6h + warfarin ratio > 2 


Adjusted to PTT 1.5-2 


Infusion to PTT 1.5—2 








Ticlopidine has different mechanisms of action, 
which are at this time only partially known. The 
drug appears to interfere with adenosine diphos- 
phate-mediated platelet activation and to block the 
glycoprotein receptor IIb/IIIa for fibrinogen and 
von Willebrand factor.” These receptors are 
essential for platelet adhesion to the vessel wall 
and for platelet aggregation. Their blockage may 
represent a more powerful approach to the control 
of thrombotic complication. 


ROLE OF HEPARIN IN UNSTABLE ANGINA 
Studies with heparin have been fewer than with 
aspirin, have included fewer patients and some 
have been beset with study design problems (Table 
II, Figure 1). They may thus be less conclusive. 
The first randomized study was published by 
Telford and Wilson in 1981.” Previous noncon- 
trolled studies had suggested that anticoagulants 
could improve the prognosis.” Telford and Wil- 
son’s study included 214 patients in a well-designed 
double-blind placebo controlled clinical trial, in- 
cluding a heparin arm, an atenolol arm, a combina- 
tion arm and a double placebo arm. Patients with 
non-Q-wave infarction were included. Heparin was 
given intravenously immediately following recruit- 
ment on admission to the hospital at doses of 5,000 
to 10,000 U every 6 hours and atenolol was started 
6 hours or more after the last episode of pain. 
Results were analyzed 1 week later. Patients on 
heparin subsequently received warfarin for a sec- 
ond analysis 8 weeks later. By 1 week, 3 of the 100 
patients who had received heparin had experi- 
enced a myocardial infarction compared to 17 
(3%) of the 114 patients who did not receive 
heparin, for a relative risk of 0.20 (95% CL 0.07 to 


Duration of 
Follow-up 


Time of 


Treatment End Point 


1 week 
8 weeks 


Admission MI 
Death 
Refractory angina 
Admission MI 
Death 
Severe angina 
Admission MI 
<24 hours of pain Death 
Refractory/angina 


6 months 


6 days 


<72 hours 5 days 


90 days 
1 week 


<24 hours Recurrent ischemia 


MI = myocardial infarction; q6h = every 6 hours; PTT = partial thromboplastin time; rt-PA = recombinant tissue-type plasminogen activator. 
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0.58). Two deaths occurred in the nonheparin 
group. After 8 weeks, myocardial infarction had 
occurred in 4 additional patients taking warfarin 
compared to 3 myocardial infarctions and 3 deaths 
in the nonwarfarin group. Readmission for recur- 
rent pain was present in 4 warfarin and 8 placebo 
patients. Although its results were statistically 
significant, the study was criticized because of 
exclusion from analysis of 186 of the 400 patients 
randomized into the trial and also because of an 
inadequate loading dose of atenolol.” 

In a smaller trial of 102 patients, half were 
randomly allocated to heparin 10,000 IU intrave- 
nously every 6 hours for 48 hours followed by 
warfarin for 6 months.” The study was of open 
design with no placebo. Patients with non-Q-wave 
myocardial infarction were excluded; the timing of 
initiation of heparin with regard to chest pain was 
not described and results were presented only at 
the 6-month follow-up. The event rate was low, 2 
myocardial infarctions and 1 death in the anticoag- 
ulant group and 3 and 4, respectively, in the control 
group. Severe angina and rehospitalization for 
unstable angina occurred, however, 3 times less 
frequently in the anticoagulant group (3 vs 10 
patients). Combining all events gave a significant 
protective effect for the anticoagulant, with a 
relative risk of 35% (95% CL 0.11 to 0.77); this risk 
reduction is within the range of that observed with 
heparin in other studies. 

In our previously described trial aimed at the 
study of the acute phase of unstable angina,” 
heparin compared with placebo reduced the inci- 
dence of myocardial infarction or death from 14 
(11.9%) to 1 (0.8%) patient, for a relative risk of 
0.06 (95% CL 0.01 to 0.49). The incidence of 
refractory angina was also reduced, from 27 pa- 
tients (22.9%) to 10 (8.5%), for a relative risk of 
0.31 (95% CL 0.14 to 0.68). 

The results described in the preliminary report 
by Wallentin et al” are somewhat different, with no 
significant decrease in the rate of myocardial infarc- 
tion with heparin. The relative risks were, respec- 
tively, 0.83 and 0.87 at 5 and 90 days. The full 
report of this important study has not as yet been 
published. Differences from previous trials include 
a relatively low risk in the population studied, since 
exercise testing was used for the diagnosis of 
unstable angina and since the rate of recurrent 
angina during hospitalization was low. Further, no 
antiplatelet or antithrombin drugs were given in 
the heparin group after 5 days, at a time of possible 
rebound after the discontinuation of heparin.” 
Another major difference was the late initiation of 





treatment after chest pain compared to other 
studies. 


Another study, performed in Italy, enrolled 97 
hospitalized patients with recurrent ischemia in 
the previous 24 hours, in a 2-stage randomized 
trial.’ Heparin infusion to increase the partial 
thromboplastin time to 1.5-2 x control, heparin 
bolus 6,000 U every 6 hours and aspirin 325 mg 
daily were first compared. In the second stage, the 
intravenous heparin infusion was compared to 
recombinant tissue plasminogen activator adminis- 
tration, 1.75 mg/kg over 12 hours. The end point 
for this study was the presence of transient ST- 
segment depression during a 72 hour Holter moni- 
toring period and of angina during the following 4 
days. Only the intravenous infusion of heparin 
significantly decreased the incidence of recurrent 
ischemia. The percent reduction in the number of 
episodes of ST-segment depression was 78 + 2.2 
compared with 23 + 3.4 with heparin bolus and 
15 + 2.6% with aspirin. In the second part of the 
study, the heparin infusion reduced by 80 + 10% 
the number of episodes compared with 27 + 8.7% 
(p <0.001) with tissue plasminogen activator. 

These studies with heparin show greater benefit 
compared with aspirin in many patients with unsta- 
ble angina. The determining factor for this benefit 
appears to be the clinical activity of the disease, 
since benefit was observed when treatment was 
initiated early after admission to the hospital and 
after an episode of chest pain. Heparin also re- 
duced the incidence of severe or refractory angina 
during hospitalization and follow-up, suggesting 
more adequate control of the underlying disease 
process. Indeed, the presence of evolving ischemia, 
as manifested by the presence of chest pain, likely 
marks a more active disease, more thrombogenic 
activity and a higher likelihood of developing 
myocardial infarction.” 

Heparin is a potent antithrombotic agent. Its 
major effect is to inactivate circulating thrombin 
and factors XIIa, XIa, [Xa and Xa by forming a 
complex with antithrombin III. With less active 
disease, past the acute insult, thrombin formation 
is not expected to play a major role and the benefits 
of heparin will, therefore, be less apparent. How- 
ever, heparin possesses many other important prop- 
erties that may add further benefit to thrombin 
inactivation, interruption of fibrin generation and 
of thrombin-induced platelet aggregation. Heparin 
binds to endothelial cells to restore the normal 
electronegativity to the injured endothelium, reduc- 
ing leukocyte and platelet adherence, complement 
activation, immune responses and endothelial and 
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smooth muscle proliferation and migration.” Hep- 
arin also blocks lipoprotein lipase, interfering with 
blood lipoproteins. These effects, in addition to 
preventing thrombus formation, may counteract 
the progression of coronary artery disease associ- 
ated with episodes of unstable angina’ and reduce 
the severe insult to the endothelium.” As with 
aspirin, however, heparin is not the perfect drug, 
since coronary events continue to occur in unstable 
angina despite its use. 

The search for new and more potent thrombin 
inhibitors is very active and human investigation of 
new products are now beginning. One promising 
class of agents is hirudin and hirudin-like peptides. 
Hirudin, originally isolated from leech salivary 
glands, has been synthesized by recombinant DNA 
technology. This agent prevents the formation of 
factors V, VIII and XIII and the platelet aggrega- 
tion induced by thrombin.” In contrast to heparin, 
hirudin inactivates fibrin-linked thrombin. Heparin 
fraction and segments with different pharmacoki- 
netics and different physiologic properties on coag- 
ulation factors and/or endothelial surfaces can 
also be identified.” 


COMBINATION OF ASPIRIN AND HEPARIN IN 
UNSTABLE ANGINA 

The search for more potent inhibition of throm- 
bogenesis has led to the suggestion that the two 
commonly available drugs for platelet and throm- 
bin inhibition, aspirin and heparin, be combined.” 
This combination was not recommended in the 
past because of a lack of knowledge of the exact 
pathophysiologic mechanisms involved in unstable 
angina and by a reasonable fear of bleeding compli- 
cations. No trials have documented an increment 
of benefit from the combination but its widespread 
use has taught us that the rate of bleeding compli- 
cations may be acceptable, when patients are 
carefully screened to rule out possible hemorrhagic 
conditions. 

In our trial in the acute phase of unstable 
angina, use of the combination therapy, although 
superior to aspirin alone, added no benefit to 
heparin alone. Compared with aspirin, the rela- 
tive risk of the combination for refractory angina 
was 0.60 (95% CL 0.28 to 1.27) and for myocardial 
infarction, 0.49 (95% CL 0.09 to 2.72). Compared 
with heparin alone, the relative risk for refractory 
angina was 1.29 (95% CL 0.54 to 3.06) and for 
myocardial infarction 1.95 (95% CL 0.17 to 21.82). 
This absence of a benefit was associated with a 
slightly higher risk of serious bleeding 3.3% vs 
1.6% with either aspirin or heparin used alone. 








The only intracranial bleeding occurred in a pla- 
cebo patient who received heparin off protocol 
because of occurrence of a myocardial infarction. 
The total incidence of bleeding was higher with 
heparin compared with aspirin, 8.9% vs 3.3%, but 
not more frequent with the combination, 8.2%. 
Most of the bleeding complications were associ- 
ated with cardiac catheterization. The results com- 
paring the protective effect of the various therapies 
should, however, be interpreted with caution, since 
the trial was not designed with the statistical power 
to document a difference between groups. 

A preliminary report of a pilot trial on 94 
patients treated early after the onset of pain has 
suggested that the combination might be useful; it 
reduced to 0 the observed incidence of 3 myocar- 
dial infarctions with aspirin and 4 with heparin 
used alone.“ These results have set the basis for a 
large-scale study. The more definitive RISC study 
has shown that only the combination treatment 
could reduce the incidence of fatal and nonfatal 
myocardial infarction in the first 5 days following 
initiation of treatment. The relative risk with the 
combination, compared with placebo, was 0.23 
(95% CL 0.06 to 0.83); results with aspirin used 
alone and heparin used alone were not significant. 
No additional complication of the combined treat- 
ment was observed in the trial compared with 
heparin alone. These positive results of the risk 
study stress the need for further clinical evaluation 
of the combination. 

This review of the clinical trials performed with 
antiplatelet and antithrombotic drugs in unstable 
angina during the last decade documents an impor- 
tant gain observed with this therapeutic approach, 
suggesting that it represents a treatment specific to 
the underlying cause. This review also highlights 
important methodologic aspects of trials per- 
formed in unstable angina. The inclusion of severe 
refractory angina appears to be a valid end point in 
addition to myocardial infarction and death. The 
timing of initiation of treatment with respect to 
hospital admission, and ideally with respect to the 
occurrence of active ischemia, is important, since it 
may determine the efficacy of a therapeutic modal- 
ity. A time-related variable is thus added to the 
evaluation. Adequate characterization of the study 
populations and of the subsets of patients at higher 
risk is also important to define the exact gain 
observed with the various therapeutic strategies. 
Despite its success, our current therapy still has a 
high failure rate, defining a high risk group for 
evaluation of more potent and more specific anti- 
platelet and antithrombotic drugs. These new drugs 
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will have to be tested against standards set by 
aspirin and heparin. Other future directions in 
clinical research in unstable angina should include 
the identification of markers of thrombogenic activ- 
ity, medical control and prognosis. The evaluation 
of the effects of treatment on the rapid progression 
of atherosclerosis is also an important long-term 
goal. 
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Thrombolysis in Unstable Angina: Results of 
Clinical Studies 


Domenico Scrutinio mp, Maria Giuseppa Biasco, mD, Paolo Rizzon, MD 


Ample evidence exists to support the major role 
of intracoronary thrombosis superimposed on a 
disrupted plaque in unstable angina. Conse- 
quently, thrombolytic treatment, already estab- 
lished to be highly beneficial in patients with 
acute myocardial infarction, might also be indi- 
cated in patients with unstable angina. The clini- 
cal response to thrombolytic treatment has been 
evaluated in several small-sized studies with in- 
consistent and somewhat deceiving results. 
Thus, the role of thrombolysis in the treatment of 
unstable angina is still controversial. Two ongo- 
ing large-scale, randomized, controlled trials, the 
Third Thrombolysis in Myocardial Infarction (TIMI 
lll) in the United States testing recombinant tis- 
sue-type plasminogen activator and UNASEM in 
Europe testing anisoylated plasminogen—strep- 
tokinase activator complex will, it is hoped, solve 
the debate. At present, early thrombolysis might 
be considered for the treatment of the subset of 
patients with severe rest angina associated with 
transient ST-T ischemic changes. 

(Am J Cardiol 1991;68:99B-—104B) 
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iochemical, angiographic, angioscopic, and 
Riots: studies have demonstrated the 

major role of intracoronary thrombosis su- 
perimposed on a disrupted plaque in unstable 
angina. The efficacy of antiplatelet agents'”™ 
(aspirin, ticlopidine) and heparin” in improving 
the clinical outcome of this syndrome provides 
further indirect evidence supporting the role of 
thrombosis. On the other hand, Freeman et al” 
recently demonstrated that intracoronary thrombi 
identified at angiography were the best angio- 
graphic predictors of in-hospital death, acute myo- 
cardial infarction (AMI) and urgent coronary revas- 
cularization. An important temporal link between 
presence of coronary thrombi at angiography and 
chest pain at rest was also shown, the frequency of 
thrombi being 2-fold in patients who had angiogra- 
phy within 24 hours of rest pain.’”’° Consequently, 
early thrombolytic treatment, already established 
to be highly beneficial in patients with AMI,” 
might also be indicated in patients with unstable 
angina. 

However, notwithstanding a common pathoge- 
netic substrate, several differences relevant to 
thrombolytic treatment exist between these acute 
ischemic syndromes. Thrombus is not the only 
cause of perfusion impairment in unstable an- 
gina’; coronary vasoconstriction can also be in- 
volved.” In unstable angina, thrombus is usually 
labile, resulting in transient ischemia’; conversely, 
in Q-wave myocardial infarction, plaque disruption 
commonly results in the formation of a relatively 
persistent occlusive thrombus.” Sequential angio- 
graphic studies evaluating the evolution of coro- 
nary artery lesions in acute ischemic syndromes” 
have often shown that the atherosclerotic lesion 
responsible for the infarction may be only mildly or 
moderately stenotic on the initial angiography. 
Nevertheless, the infarct-related artery is occluded 
in >87% of patients with transmural infarction 
who undergo angiography within 4 hours of the 
onset of symptoms.” After thrombolysis, a substan- 
tial number of patients have less than 70% residual 
coronary stenosis.” Conversely, in unstable angina 
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TABLE | 
Clinical Effects of Thrombolytic Treatment in Unstable Angina 


No. 


References Patients Follow-up Clinical Results 


Uncontrolled studies 


Vetrovec et al*! In-hospital Decrease in angina 
frequency 
No benefit 
No benefit 
Short-term benefit 
No benefit 
No benefit 
Decrease in angina 


frequency 


Ambrose et al?’ 
Gotoh et al}? 
DeZwaan et al?5 
UNASEM?? 
Topp et al®? 
Gulba et al®® 


In-hospital 
1 month 
3 months 
3 months 
In-hospital 
3 weeks 


Controlled studies 
Lawrence et al? 
Gold et al** 
Topol et al?? 


MI/death decreased 

Angina decreased 

Improved safety of 
PTCA 

Pacing threshold 
increased (mainly 
in patients with 
thrombi) 

Short-term benefit 

No benefit 

Mi/angina decreased 

No benefit 

No benefit 

Angina decreased 

Mi/death/angina 
decreased 


6 months 
In-hospital 
In-hospital 


Nicklas et al?” In-hospital 


Schreiber et al”? 
Freeman et al*? 
Beigbeder et al‘? 
Williams et al*® 
Steffenino et al‘! 
Saran et al*® 


In-hospital 
in-hospital 
In-hospital 
In-hospital 
3 + 1 days 
In-hospital 
6 months 


MI = myocardial infarction; PTCA = percutaneous transluminal coronary angio- 
plasty. 





patients, occlusion of the ischemia-producing ar- 
tery is relatively rare.” Furthermore, quantitative 
angiographic studies have shown that thrombolysis 
produces only minor or no improvement in the 
severity of stenosis if the involved vessel is patent,”” 
whereas more consistent improvements have been 
observed in patients with an occluded or nearly 
occluded artery.~” As emphasized by Ambrose 
and Alexopoulos,” these data suggest that in most 
patients with unstable angina the amount of fresh 
intracoronary thrombus amenable to thrombolysis 
is small compared with that in patients with infarc- 
tion. Moreover, pathologic findings in patients who 
died shortly after an episode of unstable angina 
showed that most thrombi had a layered structure 
with thrombus material of differing age, indicating 
that thrombi were formed by repeated mural depos- 
its.’ 

These findings suggest a slowly and intermit- 
tently progressing thrombogenic process in unsta- 
ble angina that might be less susceptible to benefit 
from thrombolytic treatment than is abrupt throm- 
botic occlusion in AMI. Currently, there is no 
consensus on the usefulness of thrombolysis in 
unstable angina. Reduction in the severity of an- 
gina and need for urgent revascularization and 
prevention of AMI are the main clinical end 
points. Heparin has been proven able to reduce 
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significantly the frequency of these events in the 
acute phase of unstable angina.” 

Thus, some questions arise: is thrombolytic 
treatment beneficial in patients with unstable an- 
gina? Does it produce a further improvement in 
clinical outcome compared with heparin? Does the 
risk—benefit ratio favor the use of thrombolysis in 
unstable angina? 


RESULTS OF CLINICAL STUDIES 

The clinical response to thrombolytic treatment 
has been evaluated in several studies, ranging from 
5 to 70 patients, with conflicting and somewhat 
deceptive results (Table I). 

Uncontrolled studies: Most of these studies 
failed to show a clinical benefit from thrombolytic 
treatment. No obvious change in the frequency or 
severity of symptoms after streptokinase was ob- 
served by Ambrose et al” in the 36 study patients 
with unstable angina or non-Q-wave infarction and 
a patent ischemia-producing artery. In the pilot 
phase of UNASEM study,” 64% of patients (42 of 
66) experienced a cardiac event despite throm- 
bolytic treatment. Some benefit from thrombolytic 
treatment was reported by Vetrovec et al” and by 
DeZwaan et al.” Data from the retrospective study 
of Vetrovec et al” suggest that intracoronary throm- 
bolysis may symptomatically stabilize some pa- 
tients. In the study by DeZwaan et al,” many 
patients only had temporary benefit and experi- 
enced recurrent anginal pain leading to mechani- 
cal or surgical coronary revascularization during 
the 3 month follow-up period. 

Controlled studies: Neither do controlled stud- 
ies agree on the clinical effects of thrombolysis. No 
benefit was observed by Williams et al in a 
placebo-controlled study comparing 2 treatment 
regimens with recombinant tissue-type plasmino- 
gen activator (rt-PA). Somewhat better results 
were reported by Topol et al,” who found a 
significant increase in pacing threshold to angina 
after rt-PA in patients with chest pain at rest; the 
most substantial improvement was achieved in 
patients with thrombi. Thrombolysis also appeared 
to promote the safety of percutaneous translumi- 
nal coronary angioplasty, although the rate of 
overall or emergency revascularization procedures 
was not decreased. 

In the study by Schreiber et al,** 25 patients with 
unstable angina and non-Q-wave infarction were 
randomized to receive either aspirin or urokinase 
infusion followed by sustained heparin infusion. 
The frequency of refractory angina and progres- 
sion to AMI during the first 72 hours after treat- 


SEPTEMBER 3, 1991 





ment was significantly reduced in the urokinase/ 
heparin-treated group. However, because of the 
associated use of heparin that was shown to be able 
to reduce the frequency of refractory angina by 
almost 50% compared with aspirin,’ conclusions 
regarding the clinical usefulness of thrombolysis 
cannot be drawn from Schreiber et al’s data. The 
only studies showing a significantly lower incidence 
of cardiac events were those by Gold et al,” 
Lawrence et al,” and Saran et al.” In the latter 2 
studies, a 6 months’ follow-up was completed. 
Gold et al* reported a short-term clinical benefit 
after thrombolysis; unstable angina persisted in 6 
of the 11 patients receiving placebo (54%) and only 
in 1 of the 12 patients receiving rt-PA (8%), the 
difference being significant. Persistence of angina 
appeared to correlate with the presence of intracor- 
onary thrombus on the posttreatment angiography. 
Lawrence et al” showed a significant reduction in 
the incidence of myocardial infarction and death in 
the streptokinase-treated group. Although the dif- 
ference in infarction or death rate after 1 month 
did not reach statistical significance, a significant 
difference emerged by 3 months and was main- 
tained at 6 months. Recently, Saran et al” reported 
the results of a randomized trial on intravenous 
streptokinase in a subset of 48 severely ill patients 
with repeated episodes of prolonged chest pain at 
rest associated with transient ST depression. Pa- 
tients were randomly assigned to receive either 
streptokinase infusion followed by intravenous hep- 
arin (5,000 U given every 6 hours) for 3 days, then 
oral anticoagulants or heparin followed by oral 
anticoagulants. Eleven of the 24 patients receiving 
streptokinase followed by anticoagulants (46%) 
and 18 of the 24 patients receiving anticoagulants 
alone (75%) experienced in-hospital recurrent an- 





gina (p <0.05). The 6-month myocardial infarction 
rate was also significantly reduced. Remarkably, no 
patient underwent percutaneous transluminal cor- 
onary angioplasty or coronary surgery, which in 
some patients are an established therapeutic ap- 
proach, because of unavailability of these proce- 
dures at the authors’ institution. The effects of 
thrombolytic treatment in patients with refractory 
angina are reported in another article in this 
symposium. 


COMMENT 

Clinical benefit: [t is clear from the results of 
the studies published to date that no agreement on 
the effects of thrombolysis on the clinical outcome 
of unstable angina has been reached. Many rea- 
sons may account for these inconsistent and some- 
what deceiving results. 

One of the major limitations is the small number 
of patients. Indeed, small trials have a large type II 
error that may lead to false-negative results.” 
Thus, published studies lack the resources to an- 
swer the question whether thrombolysis is clinically 
useful in patients with unstable angina. Further, 
some studies are biased by the lack of control 
groups. 

Different drugs, doses, routes, timing and dura- 
tion of treatment and selection criteria may contrib- 
ute to explain such conflicting results. Among 
these factors, the choice of the thrombolytic agent, 
the timing of treatment and the differences in 
patient populations (Table II) may have played a 
major role. 

Laboratory and clinical studies have shown the 
high potential of rt-PA to lyse aged thrombi. In the 
laboratory setting, lysis of 50% of 1-week-old 
thrombi was observed.” In the clinical setting, 


TABLE II Thrombotic Agents, Timing of Treatment and Clinical Description of Unstable Angina 


Thrombolytic 


Reference Agent (route) 


SK (ic) 
SK (ic) 
SK (ic) 


Lawrence et al®° 
Vetrovec et al?! 
Ambrose et al? 


Gold et al** 
Gotoh et al!® 
DeZwaan et al° 


rt-PA (ic) 
UK (ic) 
SK (ic-IV) 


rt-PA (iv) 
UK (iv) 
rt-PA (iv) 
rt-PA (iv) 
SK (iv) 


*Classes of angina according to the Canadian Heart Association classification. 


Topol et al”? 
Schreiber et al? 
Freeman et al*? 
Williams et al?® 
Saran et al®° 


Timing of 
Treatment 


< 120 hours 
<5 days 
<6 months 


<7 days 
< 48 hours 
< 48 hours 


<7 days 
<24 hous 
< 12 hous 
<7 days 

< 48 hours 


Clinical 
Description 


Marked progression of angina 

Prolonged rest angina 

New onset of class III or IV or new onset of rest 
pain occurring within 6 months; crescendo 
angina (class IV or with rest pain at rest); 
non-Q MI included* 

Rest angina 

Prolonged rest angina 

Angina of recent onset, sudden worsening 
of angina 

Rest angina 

Rest angina, non-Q MI included 

Rest angina 

Rest angina 

Prolonged chest pain at rest 


ic = intracoronary; iv = intravenous; MI = myocardial infarction; rt-PA = recombinant tissue-type plasminogen activator; SK = streptokinase. 
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angiographic studies of thrombolysis in AMI have 
shown rt-PA to be effective in lysing thrombi more 
than 4 hours after the onset of symptoms”; 
conversely, a time-dependent effect for streptoki- 
nase,” urokinase,” and anisoylated plasminogen- 
streptokinase activator complex (APSAC)* was 
found, with a marked decrease of thrombolytic 
efficacy 3 to 4 hours after the onset of symptoms. 
These data suggest that rt-PA may be useful for 
obtaining lysis of residual and already partially 
organized thrombi” and may hence be particularly 
suitable in the treatment of unstable angina. 

In some studies, the time from the last episode 
of angina to thrombolysis was prolonged for peri- 
ods lasting for some days. When treatment is 
delayed, the possibility that the thrombus may have 
become resistant to thrombolytic agents in a num- 
ber of patients receiving late treatment should be 
taken into account. On the other hand, it is also 
possible that the thrombus may no longer be 
present at the time of treatment. 

In previous studies a wide range of selection 
criteria have been used. Since unstable angina 
encompasses a heterogenous spectrum of acute 
ischemic syndromes in terms of pathophysiology 
and prognosis and thrombolytic treatment has 
definite risks, studies on thrombolysis in unstable 
angina should focus on the type of patients most 
likely to benefit due to their clinical, angiographic 
or, possibly, biochemical characteristics. There- 
fore, strict entry criteria should be envisaged. 

Patients with acute rest angina (class III, b ac- 
cording to Braunwald’s” classification) associated 
with transient ST ischemic changes, i.e., severely ill 
patients in whom thrombosis plays a crucial role,*” 
are more likely to benefit by early thrombolysis. 
Data by Saran et al” and Freeman et al” showing a 
38% risk reduction of refractory angina after throm- 
bolysis are suggestive in this respect. 

Nevertheless, an angiographic demonstration of 
intracoronary thrombi would be appropriate be- 
fore patients are treated with a thrombolytic agent. 
Topol et al” reported a 40% frequency of intracor- 
onary thrombus, defined as intracoronary filling 
defect in at least 2 orthogonal views or total 
occlusion of the involved artery with convex or hazy 
margins and contrast staining, in patients with rest 
pain and pacing-induced ischemia. Yet, the preva- 
lence of intracoronary thrombi varies widely, de- 
pending on the differences in patient selection 
criteria and timing of angiography. Freeman et al” 
demonstrated that intracoronary thrombi can inde- 
pendently modulate the occurrence of in-hospital 
cardiac events, whereas the same was not true for 





complex lesions. Seventy-three percent of patients 
with thrombi had a cardiac event versus 17% of the 
patients without thrombi. Because the complica- 
tions of unstable angina appear to be related to the 
presence of angiographically demonstrable intrac- 
oronary thrombi, it is reasonable to speculate that 
the subgroup of patients presenting this feature 
may benefit mostly from thrombolytic treatment. 
The study by Gold et al* showing a correlation 
between persistence of angina and presence of 
thrombi (defined as a filling defect) on posttreat- 
ment angiography seems to confirm this hypothe- 
sis; however, no pretreatment angiography had 
been performed. In other studies~”’ in which both 
pretreatment and posttreatment angiography was 
performed, persistent clinical benefits could not be 
predicted by angiographic improvements. On the 
other hand, it may well be that minimal improve- 
ments induced by thrombolysis at the site of a 
severe stenosis with mural thrombosis can improve 
perfusion, allowing patients to be temporarily stabi- 
lized.** Thus, both angiographic and clinical stud- 
ies are needed to assess the role of thrombolysis in 
unstable angina. 

In the last years, various factors released from 
blood vessel wall interaction and by-products of 
fibrin formation have been evaluated as possible 
markers of the thrombotic process'**”’ in an at- 
tempt to provide an objective basis for throm- 
bolytic treatment. Yet, their potential for clinical 
use has been shown to be limited because of the 
methodologic difficulties, the lack of data provid- 
ing interlaboratory reproducibility and the rather 
low degree of specificity.” 

Comparison with heparin: Heparin treatment 
has been established to be highly beneficial in 
patients with unstable angina. After the variously 
quoted study by Telford and Wilson” showing a 
marked 80% reduction in the incidence of AMI 
during 7 days of treatment, Théroux et al’ pro- 
vided evidence that hep»rin treatment was highly 
effective in patients with unstable angina. Com- 
pared with placebo, heparin abated the rate of 
refractory angina and AMI from 22.9 to 8.4% and 
from 11.9 to 0.8%, respectively; no death occurred 
in the heparin-treated group. 

Two recent prospective controlled studies were 
centered on the question whether thrombolysis 
provides further beneficial effects compared with 
heparin. In the already mentioned work by Saran 
et al,” a significant 38% decrease in recurrent 
angina rate was observed in the thrombolysis group; 
2 in-hospital AMIs occurred, both in the heparin 
group. It is worth noting that heparin was not given 
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as a continuous infusion but in a 5,000 U bolus 
every 6 hours. In the study by Freeman et al,” 70 
patients with rest pain within 12 hours of hospital 
admission were randomly assigned to either hep- 
arin alone or a prolonged rt-PA infusion followed 
by heparin infusion. Eight of the 35 (23%) patients 
receiving rt-PA and heparin and 13 of the 35 (37%) 
patients receiving heparin alone experienced recur- 
rent chest pain in the first 48 hours, or a 38% risk 
reduction. Although these results are encouraging, 
further comparative trials of sufficient size are 
needed to assess the relative benefits of thromboly- 
sis and of heparin. 

Risk—benefit ratio: Bleeding is the most com- 
mon adverse effect of thrombolytic treatment for 
which an incidence of about 8% has been recorded 
in the Second Gruppo Italiano per lo Studio della 
Streptochinasi nell’Infarto Microcardico.”’ Intrac- 
ranial hemorrage is the most catastrophic adverse 
event after thrombolysis and occurs in 1-10 per 
1,000 treated patients.” In addition, a 5% inci- 
dence of gastrointestinal hemorrage and genitouri- 
nary bleeding has been reported.'’ Hypotension 
and allergic reactions may also occur with streptoki- 
nase and APSAC. 

There is no doubt that in AMI the risk-benefit 
ratio strongly favor thrombolysis because of the 
significant marked decrease in mortality, that is the 
primary clinical end point.” In unstable angina the 
clinical end points are different: decrease in refrac- 
tory angina rate and prevention of AMI are ex- 
pected. As already pointed out, clinical benefit has 
not yet been demonstrated. The ongoing large- 
scale TIMI III and UNASEM trials will possibly 
clarify the relative risk—benefit ratio of thromboly- 
sis compared with standard therapy, including 
heparin. 

In conclusion, the role of thrombolysis in the 
treatment of unstable angina is still uncertain. ‘Two 
ongoing large-scale, randomized, controlled trials, 
TIMI III in the United States testing rt-PA and 
UNASEM in Europe testing APSAC, will hope- 
fully solve the debate. Carefully planned studies, 
including well-characterized subgroups of patients, 
may further contribute to the expansion of our 
knowledge of the role of thrombolysis in unstable 
angina. At present, early thrombolysis might be 
considered for the subset of patients with severe 
rest angina associated with transient ST ischemic 
changes. 
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Pathophysiology of unstable angina involves 
spasm, plaque rupture, activation of platelets, 
and coagulation. The incidence and frequency of 
intracoronary thrombus formation are presently 
under active assessment in order to establish the 
potential benefit of thrombolytic therapy. A pre- 
liminary study was conducted in patients admit- 
- ted in our coronary care unit for unstable angina 
with typical clinical and electrocardiographic cri- 
teria and with early coronary angiogram. After 
exclusion of 4 patients with left main coronary 
stenosis or contraindications for thrombolysis, 
16 patients received thrombolytic infusion and 14 
underwent a second coronary angiogram. Seven 
patients had an intracoronary thrombus (6 nonoc- 
clusive, 1 occlusive) and at the second angiogram 
only 3 nonocclusive thrombi were modified (1 dis- 
appeared, 2 were reduced). Moreover, the quanti- 
tative Coronary Angiography Analysis System 
(CAAS) in the 11 cases suitable for analysis did 
not show any significant changes, especially in 
the Ambrose type IIB lesions. In-hospital clinical 
outcome was not influenced by thrombolytic ther- 
apy (5 ischemic recurrences, 1 fatal myocardial 
infarction, 4 emergency and 4 elective revascu- 
larization procedures). This short series is in 
agreement with the literature data. Only one third 
of patients with active unstable angina remains 
refractory to conventional therapy. The transient 
benefit of thrombolysis is limited to patients with 
demonstrated intracoronary thrombi. Clinical or 
angiographic improvement are not always in cor- 
relation and until now do not seem able to pre- 
vent short-term recurrences or the need for re- 
vascularization procedures. 

(Am J Cardiol 1991;68:105B—109B) 
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potentially important factor responsible for 

unstable angina Pathophysiologic assessment 
of unstable angina is complex, involving spasm, 
plaque rupture, exposure of subendothelial colla- 
gen, activation of platelets, and coagulation and 
thrombus formation. All these processes act either 
alone or in concert. Moreover, they can interact. 
The accurate incidence and frequency of thrombus 
remain to be established, as well as the possible 
benefit of thrombolysis. Therefore, a pilot study 
was conducted in patients with documented unsta- 
ble angina to assess both frequency of intracoro- 
nary thrombi and efficacy of thrombolytic therapy. 
These preliminary results led us to review the trials 
completed since then and the current problems 
concerning the treatment of unstable angina. 


| ntracoronary thrombus is now regarded as a 


METHODS 

Patient selection: Criteria for inclusion were 
patients <75 years old, a 3-week duration of 
unstable angina (UA) with >15 minutes of chest 
pain at rest associated with typical transient electro- 
cardiographic (ECG) changes and ability and will- 
ingness to provide written informed consent. 

Criteria for exclusion were recent ( <3 months) 
acute myocardial infarction, left bundle branch 
block, or Wolff-Parkinson-White syndrome on 
ECG, a higher than 2-fold elevation in baseline 
serum creatine kinase level, usual contraindica- 
tions to thrombolysis, and coronary angiogram not 
feasible within 48 hours after the last chest pain. 
Other exclusion criteria were recorded after the 
first angiographic control: left main coronary steno- 
sis, normal coronary anatomy, serious groin bleed- 
ing, or hematoma. The protocol was approved by 
the hospital ethical committee. 

Study design: On admission, patients received 
intensive conventional therapy with antianginal 
drugs such as ß blockers, diltiazem, nifedipine, oral 
or intravenous nitrates. They all received aspirin 
100 mg daily and heparin with an initial bolus of 
5,000 IU followed by a continuous infusion of 1,000 


A SYMPOSIUM: MANAGEMENT OF UNSTABLE ANGINA 105B 


—— r ae a e aS 


= ss. ss - pe 
= = : 


TABLE | Clinical Baseline Characteristics of the 20 Enrolled 


Patients 





Age (yr, mean range) 60.2 (37-74) 
De novo angina (n) 9 

Previous effort angina (n) 11 

ECG changes during pain 

ST decreased 10 

ST increased 9 

T increased 2 

T decreased 1 


ECG = electrocardiogram. 


IU/hr in order to maintain the activated partial 
thromboplastin time (APTT) 1.5-2.0 times normal. 
After the first coronary angiogram performed within 
the 48 hours after the last chest pain, patients with 
left main stenosis, normal coronary arteries or 
groin bleeding were excluded. Thrombolysis was 
immediately started using 1 of the following agents: 
Streptokinase 1.5 million U/60 min, anisoylated 
plasminogen-streptokinase activator complex 
(APSAC) 30 mg/5 min, recombinant tissue-type 
plasminogen activator 90 mg/90 min or urokinase 
1.5 million U/90 min. The second coronary angio- 
gram performed within 3 hours after completion of 
thrombolytic treatment was the end of the study for 
the main end points: frequency of intracoronary 
thrombi, angiographic changes after thrombolysis, 
rapid relief of acute ischemic symptoms, risks of 
bleeding. Then, coronary angioplasty (PTCA) or 
coronary artery bypass graft (CABG) could be 
immediately performed if judged necessary. Fur- 
ther information was collected concerning in- 
hospital and postdischarge outcome. All patients 
had repeated laboratory studies: creatine kinase 
levels, red blood cell count, hemoglobin, activated 
partial thromboplastin time, fibrinogen. 

Coronary cineangiograms: Cineangiograms 
were repeated with identical projections of the 
ischemia-related vessel for comparison. Paired com- 
parable angiograms of at least 2 orthogonal views 
suitable for analysis were assessed. Intracoronary 
thrombus was defined as definite contrast-filling 
defect in at least 2 orthogonal views or total 
occlusion of the artery with convex or hazy margins 
and contrast staining during angiography. This 
subjective diagnosis of thrombus was determined 
independently by 2 observers. Arterial stenosis was 
assessed in the same views by digitized quantitative 
analysis that provides values for diameter and area 
stenosis by edge detection and videodensitometry 
and area plaque measurement (coronary artery 
analysis system in Core Laboratory Thoraxcen- 
trum, Rotterdam). 
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TABLE II Results of Baseline Coronary Angiogram 


Conary artery disease: 


Left main coronary artery 2 
l-vessel disease 10 
2-vessel disease 3 
3-vessel disease 5 


Unstable angina ischemic related artery 


Intracoronary thrombus 
Occlusive 
Nonocclusive 
Stenosis 
All stenosis (+ICT) 
Type IIB stenosis (+1CT) 


CA: coronary artery; Cx: circumflex artery; ICT: intracoronary thrombus; LAD: left 
anterior descending coronary artery; RCA: right coronary artery; Type IIB: excentric and 
irregular tight stenosis according to the Ambrose classification. 


RESULTS 

The 20 patients were consecutively enrolled in 
1988. Baseline clinical characteristics are listed in 
Table I. The gender was evenly distributed. The 
mean age was 60.2 years. Nine patients had de 
novo unstable angina and all had typical transient 
ECG changes. 

Study patients: After the first coronary angio- 
gram performed with a delay after the last chest 
pain of 14.9 hours (on average, ranging from 1 to 40 
hours), 4 patients were excluded because of left 
main stenosis (2) and bleeding (2). Sixteen patients 
received thrombolytic agents: 13 streptokinase and 
each of the 3 others APSAC, recombinant tissue- 
type plasminogen activator, and urokinase. Two 
patients were refused a second coronary angio- 
gram because of bleeding complications; 14 had a 
second coronary angiogram. 

Angiographic evaluation: Findings of first cor- 
onary angiograms are listed in Table II. Ten of 20 
patients had single-vessel disease. The unstable 
angina-related arteries were considered to be 2 left 
main coronary artery, 11 left anterior descending 
artery, 4 circumflex and 3 right coronary artery. 
Apart from the 2 left main, the culprit lesions were 
17 stenosis-associated in 6 cases with nonocclusive 
thrombi and 1 total occlusion. The Ambrose type 
IIB stenoses, eccentric and irregular, were present 
in 10 of 17 cases (59%) but in 72% of stenoses 
without thrombus and in 33% of stenoses with 
thrombus. At the second coronary angiogram of 14 
patients, the occluded artery was unchanged, 1 
nonocclusive thrombus disappeared, 2 diminished 
and 3 were unchanged. All the stenoses appeared 
unchanged at visual assessment, and the coronary 
artery analysis system (CAAS) quantitative assess- 
ment in the 11 cases suitable for analysis did not 
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show any significant changes, especially in type IB 
lesions. 

Clinical outcome: None of the 16 treated pa- 
tients experienced ischemic recurrences before the 
second angiographic control. Three had immediate 
PTCA at the repeat catheterization with no further 
recurrences. Of the 13 other patients, 5 had is- 
chemic recurrences: 1 fatal myocardial infarction 
and 4 new episodes of rest pain treated by PTCA 
(2) and CABG (2). Eight symptom-free patients 
under continued medical treatment had 2 elective 
PTCA and 2 elective CABG. Of the 16 thrombo- 
lysed patients, 4 had bleeding complications with 2 
severe, ending with 1 hemiplegia and 1 acute renal 
failure with fatal myocardial infarction. 

At the 12-month follow-up, all patients were 
alive and asymptomatic. One of the patients having 
PTCA had an ECG-positive stress test at the 6th 
month follow-up. Angiography exhibited resteno- 
sis and the patient had elective CABG. 


DISCUSSION 

This short preliminary study led us to some 
conclusions. It confirmed the time-related fre- 
quency of thrombi in unstable angina already 
reported in the studies listed in Table III, which 
suggests that the earlier the angiographic control, 
the better able to obtain the evidence of thrombo- 
sis involvement. Early catheterization, however, 
presents a higher risk for patients with unstable 
angina. This contradiction has to be resolved. On 
the other hand, the lack of improvement of type 
IIB stenosis by thrombolysis contradicts the hypoth- 
esis of their thrombotic nature. 

Thrombolysis could provide temporary relief of 
symptoms, since none of our patients experienced 
recurrences before the second catheterization. This 
relief could be useful for performing, at lower risk, 
catheterization and possibly PTCA. Yet thrombo- 
lysis did not prevent short-term recurrences, 
whereas a further revascularization by PTCA or 
CABG seemed to provide a good long-term out- 
come. 

Considering bleeding complications, the 25% 
rate with 1 hemiplegia and 1 death was very high. 
We postulated that it could be related to the full 
heparinization used before the thrombolysis and 
especially before streptokinase, even if heparin 
infusion was stopped 2 hours before catheteriza- 
tion, followed by thombolysis. 

At the time of these conclusions, only 2 random- 
ized studies had tested thrombolysis in unstable 
angina. Gold et al’ reported encouraging clinical 
and angiographic findings, but the small number of 














TABLE ili Time-related Intracoronary Thrombosis Frequency 


Tours study 
Angiography before the 12th hour 
Angiography after the 12th hour 
Literature 
Zack’ 


6 thrombi/9 (67%) 
1 thrombus/11 (9%) 


12—90 days (12%) 


Capone? 14 days (28%) 
Katoh? < 50 hours (55%) 
Capone‘ <24 hours (52%) 
Higashino® < 12 hours (70%) 
Gotoh® 0 (57%) 





patients and the lack of pretreatment angiographic 
assessment limited the study. Topol et al*’ in a 40 
patient randomized study concluded that there was 
a mild clinical benefit only expressed through the 
ischemic pacing threshold and facilitation of safer 
PTCA. Although limited, our results prompted 
further randomized European studies with recom- 
binant tissue-type plasminogen activator and 
APSAC complex,” respectively. 

Since then, numerous clinical trials have ad- 
dressed the problem of more agressive regimens 
than conventional therapy using antianginal drugs 
in unstable angina. A brief review of all these 
investigations provides a global approach of the 
current problems concerning medical therapies of 
unstable angina. 

From all the trials completed to now, it ap- 
peared that there is no evidence for an unquestion- 
able clinical benefit of thrombolysis in this set- 
ting.” Authors’ comments and other editorials or 
reviews” ™ pointed out that only 33% of patients 
initially admitted for unstable angina remains re- 
fractory to conventional treatment and 25% when 
aspirin and heparin adjunction is made. The best 
benefit was generally recorded in patients with 
demonstrated intracoronary thrombus.’” A discrep- 
ancy between the clinical and angiographic results 
was frequent. Clinical and angiographic improve- 
ment was recorded in 4 studies’’*"*”’ and angio- 
graphic benefit without clinical correlation was 
observed in 6.57°!*>8 

Some reasons could be suggested to explain this 
inability to provide evidence of an unambiguous 
adjunctive clinical benefit of thrombolysis. Firstly, 
it could be our incomplete understanding of the 
complex interaction of the pathogenic and thera- 
peutic processes. Secondly, there are some method- 
ologic aspects restraining the statistical evidence: 
the small number of patients finally assigned to 
thrombolysis, since 25% are refractory to intensive 
medical therapy and those have intracoronary 
thrombus. Compared with infarction thrombolysis 
trials, end points are more difficult to obtain. For 
instance, the patency rate, which is the main 
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endpoint for infarction, is less evident in unstable 
angina given the low rate of initial occlusion. The 
additional benefit compared with heparin is cer- 
tainly low and difficult to prove: Ambrose and 
Alexanpoulos” postulated that achievement of sta- 
tistical evidence for a 25% reduction of clinical 
events with thrombolysis compared with heparin 
would require the randomization of about 30,000 
patients. 

Thus, one of the main problems concerning 
indications of thrombolysis remains the identifica- 
tion of patients with impending, sustained, or 
constituted intracoronary thrombosis.’ Several tri- 
als>*’ or reviews” reported the good correlation 
between acute ischemic syndromes associated with 
a high probability of intracoronary thrombosis and 
biologic markers such as fibrinopeptide A for 
thrombin formation and cross-linked fibrin degra- 
dation products and BB 1542 fibrinopeptide as 
evidence of fibrinolysis. Despite these convincing 
findings, these biologic markers are until now 
neither easy to perform, reproducible, nor specific 
enough. Moreover, they are prone to sampling 
artifacts, especially in this particular setting of 
intensive care. Thus, early angiogram, despite its 
relative inaccuracy, remains the best and most 
rapid means of thrombus identification. 

It appears, also, through all these trials and 
experimental testings that antithrombotic treat- 
ments in unstable angina are probably more impor- 
tant than thrombolytic agents, even in case of 
additive thrombolysis. The incomplete but increas- 
ing understanding of interacting pathogenic and 
therapeutic mechanisms involved in UA indicates 
that the mainstay of this unstable condition is the 
sustained activation of platelets and thrombin. 
Despite their demonstrated beneficial effects, aspi- 
rin and heparin have only a partial effectiveness. 
On the one hand, more effective antiplatelet and 
antithrombin drugs would reduce the subset of 
refractory patients and, on the other hand, would 
improve the results of thrombolysis when it is 
justified. Effectively, thrombin released by the clot 
lysis, activated platelets, and coagulation cascade 
are not completely inhibited by heparin and nei- 
ther are the platelets by aspirin.” 

The limited efficacy of aspirin might be its 
action on cyclooxygenase, which inhibits thrombox- 
ane A, synthesis but, coincidently, the synthesis of 
prostacyclin as well. Other antiplatelet drugs clini- 
cally tested, such as sulfinpyrazone, dipyridamole, 
dextran, and prostacyclin, did not demonstrate any 
advantages over aspirin. A recent Italian random- 
ized study enrolling 652 patients with unstable 
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angina reported a reduction in the incidence of 
myocardial infarction, death or both at the 6-month 
follow-up. The ongoing research on antiplatelet 
compounds rather focuses on thromboxane A, 
antagonists” and platelet membrane receptor inhib- 
itors.** The 2 mechanisms of action to antagonize 
thromboxane A, are explored. The effectiveness of 
thromboxane synthesis inhibitor is probably lim- 
ited by the concomitant formation of other proag- 
gregative prostaglandins such as E,. Among the 
numerous agents such as dazoxiben, dazmegrel, 
pirmagrel, and others, none has shown a positive 
advantage over aspirin in clinical studies.” The 
thromboxane receptor blockade appears as a sim- 
pler and more attractive pharmacologic approach. 
We are at the early stages of this development with 
an impressive number of experimentally tested 
compounds. The few published clinical studies are 
encouraging, but none concerned unstable angina. 
The inhibition of platelet membrane receptors: GP 
IIb/IIIa by monoclonal antibodies acting against 
the binding of platelets with adhesive macromole- 
cules such as fibrinogen and von Willebrand factor 
appears to be very attractive. Gold” reported in 
experimental studies that recombinant tissue-type 
plasminogen activator at 25% of its lytic dose in 
association with 7 E3 markedly accelerated clot 
lysis and completely prevented reocclusion. The 
total inhibition of platelet aggregation that these 
drugs provide makes their use hazardous in long- 
term therapy. They might be of great interest in an 
acute high risk situation such as unstable angina. 

The limited efficacy of heparin”*’** could be 
related to the need for a cofactor, antithrombin III, 
the inability of heparin-antithrombin III complex 
to inhibit thrombin bound to fibrin, the action of 
natural heparin inhibitors: platelet factor 4, fibrin 
II monomers. Research is ongoing with new antico- 
agulant inhibitors. The initial step of coagulation 
cascade, lipoprotein Associated Coagulation Inhib- 
itor, acts on tissue factor, factor VII complex, 
activated recombinant protein C, inhibiting cofac- 
tor V and VII. There is another currently devel- 
oped new direct antithrombin inhibitor with mech- 
anisms of action that are independent of 
antithrombin III, hirudin. Hirudin causes a more 
global and selective inhibition of thrombin even 
when it is bound to fibrin and, moreover, is 
unaffected by known inhibitors. Analogues of hiru- 
din (hirugen, hirulog, hirullin, hiruden) have been 
found to be more effective than hirudin. Other new 
antithrombin such as D-phenylalanyl-probyl-argen- 
ise-chloromethyl-ketone and argatroban are cur- 
rently under clinical investigations. 
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In conclusion, we reported a 1988 short prelimi- 
nary pilot study on thrombolysis in unstable an- 
gina. The results suggested high frequency of 
intracoronary thrombi and a possible temporary 
relief of acute ischemia without any prevention of 
short-term ischemic events. These results prompted 
further European randomized studies. We took 
the opportunity of this presentation to make a brief 
review of the current problems concerning an- 
tithrombotic and thrombolytic therapies in unsta- 
ble angina. Throughout the literature, it appears 
that there is no evidence for a clinical benefit of 
additional thrombolysis. Aspirin and heparin have 
been proved to be beneficial. Their partial effective- 
ness calls for more effective and more specific 
drugs to decrease the proportion of refractory 
patients and improve the results of thrombolysis. 
We pointed out that intensive research is currently 
being undertaken with compounds such as throm- 
boxane A, antagonists, GPIIb/IIIa platelet mem- 
brane receptor inhibitors, new anticoagulants and 
now direct antithrombin agents. 
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Thrombolysis in Refractory Unstable Angina 


Claudio Brunelli, MD, Fesc, Paolo Spallarossa, mD, Giorgio Ghigliotti, mp, Mario lannetti, MD, 
and Salvatore Caponnetto, MD 


Multiple drug therapy, including nitrates, 6 block- 
ers, calcium antagonists, aspirin, and heparin, 
has been advocated as effective in the treatment 
of unstable angina, a syndrome with a multifacto- 
rial pathogenesis. Recently, plaque rupture and 
thrombosis have been demonstrated as the most 
important pathogenetic mechanisms. Neverthe- 
less, clear-cut results on the effects of throm- 
bolytic treatment in unstable angina are still 
lacking. Some possible explanations why the 
medical treatment of unstable angina has still 
not yet been standardized, whereas that of myo- 
cardial infarction has, are suggested. A review of 
randomized and nonrandomized studies pub- 
lished on this topic evaluating the role of differ- 
ent thrombolytic agents in unstable angina is pre- 
sented. In addition the role of coronary 
angiography is discussed. In view of the disap- 
pointing results of coronary artery bypass sur- 
gery performed in the acute phase of the dis- 
ease, one of the goals of clinical research is to 
identify subsets of patients at high and low risk 
and who undergo different types of therapeutic 
interventions. To support published data suggest- 
ing that total myocardial ischemia has a signifi- 
cant impact on prognosis, we present our results 
of a study carried out on patients with refractory 
unstable angina treated with thrombolytic ther- 
apy and evaluated with continuous electrocardio- 
graphic monitoring in the attempt to correlate 
total myocardial ischemia with short-term prog- 
nosis. Data in favor of the prognostic role of con- 
tinuous electrocardiographic monitoring in unsta- 
ble angina are also reviewed. Finally, we propose 
some suggestions that might be useful for future 
studies. 

(Am J Cardiol 1991;68:110B—118B) 
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angina unresponsive to medical treatment, the 

current strategy is to advise urgent percutane- 
ous transluminal coronary angioplasty or coronary 
artery bypass surgery. This is because today the 
role of thrombolytic therapy in unstable angina is 
still not clearly defined even though there is a 
pathophysiologic rationale for its use. Possible 
explanations for this shortcoming involving the 
medical approach to patients with unstable angina 
are: lack of a common classification, an underesti- 
mation of the prevalence of the disease, random- 
ized studies that are too small, inadequate maximal 
medical therapy, and a tendency toward an aggres- 
sive strategy should medical therapy fail. 

What can be done to clarify the role of thrombo- 
lysis in unstable angina? First, it is necessary to 
accept and use a common classification of the 
disease. Second, the concept of refractory unstable 
angina should be clearly defined in relation to what 
is meant by maximal medical therapy. In addition, 
a randomized trial should be planned on the basis 
of the information gained from the Third Throm- 
bolysis in Myocardial Infarction (TIMI ITI) trial. 

In the meantime, can thrombolytic treatment be 
safely used as an alternative to an aggressive 
strategy with the aim of referring the patient to 
surgery in more stable conditions? 

In an attempt to answer this question several 
topics will be discussed: classification and preva- 
lence of unstable angina, the concept of unstable 
angina refractory to maximal therapy and the 
correlations between myocardial ischemia and in- 
tracoronary thrombi with prognosis. The role of 
coronary artery bypass surgery, the current results 
of thrombolytic therapy in unstable angina, the 
role of coronary angiography will also be discussed. 
Finally data from our experience will be briefly 
presented with the possible implications for the 
future. 


È the presence of a patient with unstable 


CLASSIFICATION AND PREVALENCE OF 
UNSTABLE ANGINA 

In order to avoid the nonhomogeneous enroll- 
ment of patients in previous studies, Braunwald 
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recently proposed a new classification of the syn- 
drome of unstable angina.’ In future, it is to be 
hoped that this classification will be widely used so 
that the results of different studies can be com- 
pared. In addition, the prevalence of the disease 
probably has been underestimated in the past and 
this fact should be clearly appreciated. In the 
United States the estimated myocardial infarction 
rate is 1,500,000/year with 500,000 patients hospi- 
talized with acute myocardial infarction each year. 
The rate of patients hospitalized with unstable 
angina is 750,000 a year. About 500,000 more 
cases should be added, considering patients with 
premyocardial and postmyocardial infarction with 
unstable angina and patients with nondiagnosed 
unstable angina. From a review of previous reports 
made by Julian’ in 1985, it appears that the 1-year 
myocardial infarction rate in patients with unstable 
angina is about 12% and the 1 year mortality rate is 
about 10%. Preliminary unpublished data of the 
TIMI III trial suggest that the myocardial infarc- 
tion rate of hospitalized patients is 15% with a 2% 
mortality rate. 

The mean duration of the hospital stay in 
patients with unstable angina is 10 days, most 
patients undergo coronary angiography, many re- 
ceive surgical treatment. From these data, it ap- 
pears that the social cost of the disease is extremely 
high. 


CONCEPT OF REFRACTORY UNSTABLE ANGINA 

The definition of patients with refractory unsta- 
ble angina is related to the failure of maximal 
medical therapy. 

Four questions are relevant in relation to medi- 
cal therapy for the treatment of patients with 
unstable angina: 

1. What is meant by maximal medical therapy? 

2. Is maximal medical therapy applied in clini- 

cal studies and in current practice? 

3. What does refractory mean in clinical stud- 

ies? 

4. What is the prevalence of patients with 

refractory unstable angina? 

Today, there is agreement as to which drugs are 
effective in the treatment of unstable angina. 
These drugs are intravenous nitrates,’ B blockers,” 
calcium antagonists,’ aspirin,” and heparin.” Al- 
though the effects of nitrates, B blockers, and 
calcium antagonists are mainly antiischemic, aspi- 
rin and heparin have antiplatelet and anticoagu- 
lant effects. Heparin reduces the myocardial infarc- 
tion rate, and aspirin reduces both morbidity and 








mortality rates." The use of intravenous nitrates 
has 3 possible limitations: the tolerance caused by 
intravenous nitrates themselves, the negative inter- 
action between nitrates and intravenous heparin,” 
and the lack of major randomized trials. The data 
available seem to recommend quadruple therapy 
(intravenous nitrates, B blockers, aspirin, and intra- 
venous heparin) at maximal dosage in the acute 
phase of unstable angina. If myocardial ischemia 
persists, calcium antagonists should also be admin- 
istered on the basis of the Holland Interuniversity 
Nifedipine/Metoprolol Trial (HINT) trial re- 
sults.’ Calcium antagonists can be used as first 
choice medication in patients with rest angina and 
ST-segment elevation. The pooled data presented 
by Yusuf et al* from 15 trials carried out on the 
effects that B blockers, calcium antagonists, aspi- 
rin, and intravenous heparin have on prognosis, 
demonstrate that the effects of calcium antagonists 
are not clear, whereas there is a risk reduction of 
myocardial infarction of 13% with B blockers, 40% 
with aspirin and 44% with intravenous heparin. 
Only aspirin reduces the risk of mortality by 42%. 

There is reasonable doubt as to whether this 
multiple therapy is currently used on most patients 
at the maximal dosages. In fact, Conti et al” 
reported their experience comparing the various 
types of medical therapy used on patients with 
unstable angina admitted to the coronary care 
units in Florida. Triple therapy was used on only 
33% of the patients and quadruple therapy on only 
15%. 

What is meant in clinical studies by “refractory” 
in unstable angina is worth discussing. This con- 
cept sometimes refers to persistance of anginal 
pain, and at other times it refers to the suppression 
of total myocardial ischemia, which is a more 
objective therapeutic end point. It is evident that 
the evaluation of the efficacy of the medical ther- 
apy and also the possible prognostic implications 
vary according to the chosen end point. 

Finally, the surgical definition of unstable an- 
gina refractory to medical therapy is different from 
the medical one and mainly concerns the failure of 
intravenous heparin or intravenous nitrates to 
control symptoms. In a review of 14 surgical stud- 
ies, it emerged that in only 6 studies were either 
nitrates or heparin used before the decision to 
perform coronary artery bypass surgery was finally 
taken." In conclusion, it appears that in many 
studies the surgical option was not taken as a result 
of a failure of vigorous maximal medical therapy. 

It must also be evaluated what percentage of 
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patients is unresponsive to maximal medical ther- 
apy. After reviewing recent studies, we can assume 
that medical therapy fails in approximately 20- 
30% of patients,”'”'”’* so we can say that if patients 
with unstable angina undergo vigorous therapy, 
70-80% of them can be stabilized. 


IS TRANSIENT MYOCARDIAL ISCHEMIA OR 
INTRACORONARY THROMBOSIS RELATED TO 
PROGNOSIS? 

In patients with unstable angina, diagnostic and 
therapeutic strategies should rely on clinical or 
angiographic prognostic data. Such prognostic in- 
formation is currently not completely defined. The 
relation between myocardial ischemia and progno- 
sis in patients with unstable angina has been 
studied by Gottlieb et al? and Nademanee et al,” 
who suggested that silent myocardial ischemia has 
a high incidence also in those patients undergoing 
various types of medical treatment. More than 
90% of the ischemic episodes evaluated by continu- 
ous electrocardiographic monitoring are asymptom- 
atic. 

These data were confirmed by Langer et al,” 
who studied patients with unstable angina, taking 
into account the presence or absence of myocardial 
ischemia, and related the amount of total ischemia 
into the hospital outcome. The concordant results 
of these studies demonstrate that the symptomatic 
control of unstable angina is not sufficient to 
evaluate the efficacy of the medical therapy be- 
cause of the frequent occurrence of asymptomatic 
ischemic episodes. Holter monitoring is a noninva- 
sive technique that is easy to perform and is useful 
for stratifying patients at risk of further events. In 
particular, more than 60 minutes of ischemia in 24 
hours seems to have an adverse prognosis. 

Present data underline the prognostic relevance 
of total myocardial ischemia detected by continu- 
ous electrocardiographic monitoring. The informa- 
tion obtained with Holter monitoring seems to play 
a role in the stratification of the patient’s risk. In 
future, studies should be aimed at answering the 
challenging question whether abolition or reduc- 
tion of the total ischemic burden with medical 
treatment might have a prognostic value. What is 
still not known today is whether the abolition or 
relevant reduction of total myocardial ischemia 
obtained by drugs has any significant impact on 
prognosis. 

Data suggesting that intracoronary thrombi may 
be related to prognosis appear in an article by 
Freeman et al.” Cardiac events occurred more 
frequently in patients with intracoronary thrombi 
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(73%), complex morphology (55%), and multiple 
vessel disease (58%) than in patients without those 
angiographic features. Using multiple regression 
analysis, the presence of thrombi is the most 
significant angiographic variable. 


CORONARY ARTERY BYPASS SURGERY IN 
UNSTABLE ANGINA 

In the absence of a randomized study that is 
able to demonstrate that better results can be 
obtained with coronary artery bypass surgery than 
with medical therapy, a certain degree of caution 
should be used before referring the patient to the 
surgeon. It should be established whether the 
patient is really refractory to maximal medical 
therapy and whether thrombolytic therapy can be 
of any help in that patient. 

The 2 largest randomized trials, the National 
Heart, Lung and Blood Institute (NHLBI) and the 
Veterans Administration studies” failed to dem- 
onstrate that there is any significant difference 
between the effects on morbidity and mortality 
obtained by medical and surgical therapy. 

In the NHLBI study performed between 1972 
and 1976, myocardial infarction was present in 
13% of the patients in the surgical group versus 
12% of the patients in the medical group. The 
percentage of death was, respectively, 3% and 2%. 
A conclusion that was drawn from this study was 
that patients should be sent to surgery in a stable 
condition, if possible. 

The Veterans Administration Cooperative study 
enrolled patients from 1976 to 1982 and finished in 
1987. One of the most important results that 
emerged from this study was that after a 3-year 
follow-up, it was seen that there was a significantly 
lower mortality rate in surgical patients with a low 
ejection fraction. In addition to the problem of 
analyzing the data pertaining to subsets of patients 
in randomized trials, the relation between a low 
ejection fraction and mortality became clear only 
after 3 years. 

In a review of 10 surgical studies,” the most 
frequently reported risk factor related to an omi- 
nous prognosis was the failure of medical therapy 
and this further underlines that there is a high 
complication rate when surgery is performed in 
unstable conditions. 

A recent review by Kaiser et al” reported that 
the mean operative mortality rate in surgical stud- 
ies was 3.7%, with a perioperative myocardial 
infarction rate of 9.8%. If data from surgical 
studies performed on patients in more unstable 
conditions are analyzed, generally the incidence of 
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operative mortality is higher, e.g., 7.7% reported 
by Brawley in 1980.” All these data confirm the 
high risk of cardiac surgery in unstable patients, 
especially if this risk is compared to the low 
mortality rate in patients with stable angina. 


THROMBOLYTIC THERAPY IN UNSTABLE 
ANGINA 

The results of thrombolytic therapy in unstable 
angina have been evaluated not only by means of 
randomized placebo controlled trials, but also with 
nonrandomized trials on small groups of patients. 
Different thrombolytic agents were used, in partic- 
ular intracoronary or intravenous streptokinase or 
recombinant tissue-type plasminogen activator (rt- 
PA). Thrombolytic therapy has been studied assess- 
ing the clinical effects and the angiographic results. 

Fourteen small studies of 480 patients with 
unstable angina undergoing thrombolytic therapy 
are reviewed.” Baseline characteristics of 
these subjects are summarized in Table I. The 





majority of patients had rest angina, most with 
prolonged and repeated episodes. However, indi- 
viduals with either new or crescendo effort angina 
were also included. The intervals between the last 
episode and the entry into the study were highly 
variable, ranging from 0 to a 10-day delay. Five 
studies expressly required a close association ( < 48 
hours) to the last ischemic episode. The treatment 
modalities before thrombolysis were also very dif- 
ferent, reflecting in part the evolution of the 
medical strategies in unstable angina over the past 
10 years. An aggressive medical approach has been 
adopted in recent studies using many combinations 
of antiischemic drugs but in only 5 studies was this 
approach standardized. Whether patients could be 
stabilized by potentiating conventional therapy was 
not investigated in 2 of them. Thus, only in 3 
studies was thrombolysis reserved for patients 
refractory to an intensive medical therapy. Eleven 
studies performed baseline coronary angiography 
showing a severe narrowing of the ischemia-related 


TABLE I Clinical and Angiographic Characteristics Before Thrombolysis 


Conventional Treatment 


No. Drugs 


Angiography 


Response Thrombi 


Diameter Stenosis 


Reference Patients 


Lawrence et al?’ 


Rentrop et al?® 
Vetrovec et al?? 


Mandelkorn et al?! 


Gold et al”! 
Ambrose et al** 


De Zwaan et al** 


Gotch et al?? 


Nicklas et al°® 


Ardissino et al‘® 
Mont et al®° 


UNASEM*” 


Neri Serneri et al!° 


Williams et al?®8 


Angina* 


New onset or wors- 
ening (2-120 hr) 

Rest 

Rest (<5 days) 


Rest, recurrent or 
prolonged 

Rest (<4 days) 

New onset (class Ill, 
IV, or rest) or 
crescendo (class 
IV 
or rest) 

New onset or cre- 
scendo (class III 
= 11)(<48 hrs) 


Rest, ongoing 
attacks 

Rest (72 hrs in 
77% of patients) 


Rest (<48 hr) 

Crescendo or 
prolonged (<6 
hr) 

Strict inclusion 
criteria (1-69 hr) 

Rest (< 48 hr) 


Rest (0, 5 to 10, 
4 days) 


*Lag between the last attack and the entry into the study. 


tPatients with intracoronary thrombus. 


(% of patients) 


BB (12%) 


N (100%) 
N-BB (100%) 
H (75%) 

N (100%) 


N-BB-Ca-H (100%) 
N (75%) 

BB (58%) 

Ca (52%) 

H (55%) 


N-BB-Ca if needed 


N-BB-Ca (100%) 


N-BB-Ca-H-A 
(100%) 


Maximal 


N-Ca (100%) 
BB if not control 
indicated 
N (52%), 
BB (44%), 
Ca (47%), 
H (7%), A (29%) 


(% of patients) 


Not assessed 


RA (20%) 
RA (69%) 


Not assessed 


RI (45%) 
Not assessed 


Not assessed 


RA (100%) 


Not assessed 


RI (100%) 
Not assessed 


Not assessed 


RI (100%) 


Not assessed 


90 
About 95% 


83 + 7% 


77 + 21% (SK 
group) 

65 + 22% (t-PA 
group) 

94 + 1%t 


71 + 4% (t-PA 
group) 

70 + 4% (P group) 

67 + 13% 


76 + 14 (P group) 
75 + 16 (Id t-Pa) 
79 + 12 (hd t-PA) 


N = nitrates; BB = blockers; Ca = calcium antagonists; H = heparin; A = entiaggregating agents; RA = recurrent angina; RI = recurrent ischemia. 





(% of patients) 


Type II eccentric, 


66% 
Filling defects, 
11% 


68% 
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TABLE lf Nonrandomized Studies: Clinical and Angiographic Results 


Repeat angiography 


Decrease in stenosis 


No. — Resolution of Thrombi 
(% of patients) 


Reference Therapy Patients Patients (%) Diameter (%) 


Rentrop et al?® 0% 


ic SK 

ic SK 

ic SK 

ic Sk or 
iv t-Pa 


77% — 
44% 8% 


Vetrovec et al?? 
Mandelkorn et al”? 
Ambrose et al?? 
De Zwaan et al** 


53%* 16%* 


Gotoh et al?’ 57% 23%t 


0%ł 


UNASEM?”” 


10/11 (91%) 
2/4 (50%) — = 
Non quantitative or qualitative change 

12/28 (43%) 


20/21 (95%) 


Clinical Outcome Benefits 
(% of patients) 


(observation period) Angiographic Clinical 


RI was prevented by N, Not evaluable 
BB, nitroprusside (in 
hospital) 


3 Ra (23%) (48 hr) 


No change 0 
15 RA (28%); 4 AMI Unclear 
(10%) (in hospital). 
Additional patients 
with RA after dis- 
charge 
15 RA (71%) (48 hrs) 
5 AMI (4 weeks).* 
5 RA (35%) (48 hrs) 
1 AMI (4 weeks).# 
13 AMI; 1 death; 25 
CABG or PTCA (3 
months) 


AMI = acute myocardial infarction; APSAC = anysolated plasminogen-streptokinase activator complex; ic = intracoronary; iv = intravenous; SK = streptokinase; t-PA = tissue-type 


plasminogen activator; UK = urokinase. See Table | for other abbreviations. 
*More evident in patients with (nearly) occluded vessel. 
+Patients with baseline intracoronary thrombus. 
Patients without baseline intracoronary thrombus. 


artery but reporting variable prevalence of viable 
intracoronary thrombi ranging from 22% to 85%, 
probably related to the different time intervals that 
elapsed between pain and the examination. 

Considering the small number of patients, the 
nonhomogeneous population, and the differences 
in study designs and end points, it is not surprising 
that there is a lack of agreement among the studies 
on the effectiveness of thrombolytic therapy in 
unstable angina. 


TABLE Ili Randomized Studies: Clinical and Angiographic Results 
Repeat Angiography 


Decrease in Stenosis 


Reference Therapy Patients %of Patients % of Diameter 


ivSK + W 
W 


Lawrence et al? 


Gold et alivt-PA iv t-PA 
P ŻE 
iv t-PA 8% (NS) 
P 3% (NS) 
iv SK —- 
P PS 
iv t-PA 9% (NS) 
P pen, 
iv t-PA — 
H EE: 
Williams et al®® H 4% (NS) 
Id t-PA 4% 
hd t-PA 6% (NS) 


Nicklas et al®® 
Mont et al?’ 
Ardissino et al'® 


Neri Serneri et al'° 


Resolution of 
No. —_—————SS i ——— thrombi 
(% of patients) 


11/11 (100%)* 
3/11 (27%)* 


4/6 (66%) 
5/6 (83%) 
3/4 (75%) 





Using an angiographic end point, benefits of 
thrombolytic therapy have been observed in a 
sizable number of patients. Seven of 11 studies 
reported a decrease in the incidence of intracoro- 
nary thrombi and a reduction of coronary artery 
narrowing. These findings were more evident in 
occluded or severely narrowed vessels or in vessels 
with thrombi. 

On the other hand, the results using a clinical 
end point are less clear. Only 1 of 6 nonrandom- 


Benefits 
Clinical Outcome (% of patient) 


(observation period) Angiographic Clinical 


1 death (5%) (6 months) 
4 death (20%), 4 AMI (20%) 
(6 months) 
1 RI (9%) (4 days) 
6 RI (56%) (4 days) 
PTI increasedt 
PTI not modified 
9 RA (81%) 
9 RA (81%) 
O RI (0%) (72 hours) 
9 RI (75%) (72 hours) 
86% reduction of ischemia 
23% reduction of ischemia — 
5 RA (23%), 1 AMI (24—48 hrs) O 
2 RA (6%), (24—48 hrs) 4 
3 RA (14%), 3 AMI (24—48 hrs) O 


|} oo6 + 
O + 


IOO] 
Ghee OO O O 


Not evaluable 
Not evaluable 
Not evaluable 


hd = high dose; Id = low dose; P = placebo; PTI = pacing threshold for ischemia, See Tables | and II for other abbreviations. 


*Baseline angiography was not performed. 
tMore evident in patients with intracoronary thrombi. 
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ized trials reported changes of clinical relevance 
after thrombolysis (Table II). However, because of 
the unpredictable clinical course of the disease, the 
incomplete clinical assessment before the throm- 
bolytic treatment (so that these patients cannot be 
considered a control group of themselves), the 
short duration of the follow-up, and the addition of 
other drugs (heparin and aspirin), caution is needed 
before drawing definitive conclusions. In 4 of 5 
randomized studies, thrombolytic agents were supe- 
rior to placebo, but in another rt-PA was less 
effective than heparin (Table III). Even in these 
trials all patients received active treatment, which 
may have influenced clinical outcome. In most of 
these studies the effectiveness of thrombolytic 
therapy was assessed by considering anginal at- 
tacks only and in only a few cases has recurrent 
myocardial ischemia been tested with Holter moni- 
toring. 

A further consideration concerns the lack of 
correlation between clinical and angiographic re- 
sults. In particular, the reduction in coronary 
narrowing did not predict subsequent clinical course 
in most cases. 

The only firm conclusion that can be drawn 
from these conflicting results is that thrombolytic 
therapy cannot be offered to all patients with 
unstable angina, but a careful selection of candi- 
dates is necessary. 


ROLE OF CORONARY ANGIOGRAPHY IN 
UNSTABLE ANGINA 

It has been suggested that thrombolytic therapy 
could be effective in selected groups of patients, 
that is, those patients with documented intracoro- 
nary thrombi.” This approach requires coronary 
angiography in all patients in the acute phase of 
unstable angina. 

What are the therapeutical advantages and 
possible limits of this approach? The advantages 
are that the coronary thrombi are treated only if 
they are detected and that the intracoronary route 
can be used. On the other hand, there are at least 3 
major limitations. Firstly, coronary angiography 
has a very low sensitivity in detecting intracoronary 
thrombi, as demonstrated by Sherman et al.” In 
their study, only 1 of the 7 intracoronary thrombi 
detected with intraoperative angioscopy had previ- 
ously been recognized by angiography. These data 
were recently confirmed by White (personal com- 
munication) at the American College of Cardiol- 
ogy meeting in March 1990. 

Secondly, intracoronary thrombosis is a highly 
dynamic event in which there is always a delicate 








balance between thrombosis and thrombolysis. So, 
if one studies a single frame taken with angiogra- 
phy at a certain moment of the disease process, this 
may be misleading because the absence of thrombi 
at one moment does not necessarily mean that they 
will not be present later. 

Thirdly, it must be taken into account that the 
complication rate, due to major bleeding that 
occurs when thrombolysis is performed immedi- 
ately after urgent coronary angiography, is high” 
and this may represent a major limit to the safe use 
of thrombolytic therapy. 


OBSERVATIONS IN OUR CORONARY CARE UNIT 

In 1986, we started a nonrandomized, prospec- 
tive study to evaluate the feasibility and safety of 
thrombolytic therapy and the prognostic role of 
continuous electrocardiographic monitoring in pa- 
tients with refractory unstable angina.” 

They correspond to the III,b,3 group of the 
Braunwald classification. The protocol methodol- 
ogy was the following: maximal medical therapy 
(that is intravenous nitrates sufficient to produce a 
systolic blood pressure decrease of 10-15 mm Hg, 
but not <100 mm Hg), oral calcium antagonists, 
oral B blockers at the maximal tolerated dosages, 
aspirin, and heparin were administered. The study 
was divided into two phases, 1 and 2. During phase 
1 a 48-hour Holter monitoring was performed. If 
either symptomatic or asymptomatic myocardial 
ischemia occurred, thrombolytic treatment with 
intravenous urokinase 2,000,000 U was started. 
During phase 2, 24-hour Holter monitoring at the 
beginning and at the end of the following week 
were performed to evaluate the recurrence of 
myocardial ischemia (Figure 1). Coronary angiogra- 
phy was not performed as an urgent procedure 
during thrombolysis. 

Patients were maintained on oral anticoagulants 
and aspirin during the 6-month follow-up period in 
which recurrence of unstable angina, percutaneous 
transluminal coronary angioplasty or coronary ar- 
tery bypass surgery for symptoms, acute myocardial 
infarction and death were analyzed. Only a few 
minor bleeding complications occurred. 

A few comments about the methodology of the 
study: only patients refractory to maximal medical 
therapy (5 drugs) received thrombolysis. This cate- 
gory refers to those patients who are generally 
selected for an aggressive strategy, although they 
run a high risk with surgery. 

In view of the complex pathophysiologic manifes- 
tations of unstable angina, a 2-step approach seems 
to be the most rational. In phase 1 the patient can 
receive maximal therapy, and then in phase 2 only 
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admitted 
to CCU 


i.v.2.000.000 U 
UROKINASE 


6 


HOLTER HOLTER 


——_eG"~—Ke—e——ee 


period 1 


days 


period 2 


those who are refractory to phase 1 can receive 
thrombolytic therapy. The evaluation of the re- 
sponse to medical treatment was attained with 
continuous electrocardiographic monitoring. The 1 
week period of phase 2 was used to evaluate the 
possible recurrence of ischemia. The results of the 
study demonstrate that in 17 of 44 (39%) patients, 
myocardial ischemia was abolished during phase 2 
(group A), whereas 27 continued to manifest 
ischemia (group B). Among the 27 patients, 5 
showed >50% reduction of myocardial ischemia. 
Events in the follow-up were: 2 patients with 
recurrent unstable angina in group A versus 19 
patients with refractory unstable angina or a major 
cardiac event (p <0.001) (10 patients underwent 
coronary artery bypass surgery or percutaneous 


FIGURE 2. Left: individual durations and 
means of total (painful and painless) 
ischemia during maximal medical ther- 
apy (phase 1) and after thrombolytic 
treatment (phase 2). Right: changes of 
individual duration of total ischemia 
between phase 1 and phase 2 are ex- 
pressed as percent variation of the 
value recorded in phase 1. A positive 
value indicates an increase of the dura- 
tion of ischemia after urokinase, a neg- 
ative value indicates reduction of the 
duration of ischemia; — 100% indicates 
total suppression of ischemia (see 
text). Patients are evaluated according 
to the clinical outcome during follow-up. 
The percent variation of the individual 
duration of ischemia significantly corre- 
lated with the occurrence of cardiac 
events. *r = 0.78; p <0.00L ** (group B 
patients) r = 0.65; p < 0.0L 


MINUTES OF ISCHEMIA/ 24 HOURS 








phase 1 





FIGURE 1. Protocol used In our study. 


transluminal coronary angioplasty for refractory — 
angina, 6 patients with refractory angina continued 
medical therapy, 1 patient had a myocardial infarc- 
tion and 2 patients died in group B). In phase 1 
myocardial ischemia detected during the 1,752 
hours of continuous electrocardiographic monitor- 
ing was an important prognostic marker. In fact, a 
longer duration of ischemia correlated with an 
adverse clinical outcome. A significant reduction of 
ischemia was attained in phase 2 during the 1,720 
hours of Holter monitoring: the greater the reduc- 
tion, the lower the risk of cardiac events (p <0.01) 
(Figure 2). 

When thrombolytic therapy is administered in 
patients who are refractory to maximal therapy, it 
is safe and causes no complications if urgent 


o STABLE 

e UNSTABLE 

œ PTCA or CABG 
a AMI 

+ DEATH 


°l VARIATION 


phase 2 
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angiography is not performed. This approach was 
seen to be successful in stabilizing a certain num- 
ber of patients. 

Our study suggests that abolition or relevant 
reduction of total myocardial ischemia has a prog- 
nostic relevance. This hypothesis should be tested 
in larger studies, but it is worth bearing in mind. 

A study of ours currently in progress random- 
izes unstable patients unresponsive to maximal 
medical therapy into 3 groups: rt-PA, rt-PA and 
heparin, and heparin alone with continuous electro- 
cardiographic monitoring with the same strategy as 
in the previous study. 


FUTURE STRATEGIES 

Currently, despite the demonstration that 
thrombi are present in the acute phase of unstable 
angina, the role of thrombolytic therapy is still not 
clear. Since the prevalence of the disease is on the 
increase, greater interest is being shown in the 
medical treatment of it. The results of the TIMI III 
trial, carried out on a large number of patients, 
should help to decide which strategies to use in the 
treatment of unstable angina. At this point, we 
would like to suggest some possible strategies to 
adopt in a trial. The inclusion criteria of a large 
randomized trial could be: patients in class III,b,3 
of the Braunwald classification, who have failed 
maximal medical therapy with 5 drugs. The defini- 
tion of refractory unstable angina should be based 
on the persistence of acute myocardial ischemia 
instead of angina. Great care must be taken before 
deciding to perform acute coronary angiography, 
since the complication rate of the procedure dur- 
ing thrombolysis is reported to be high. 

Since no randomized trials, demonstrating that 
surgery is more effective than medical treatment, 
have ever been carried out and in view of the high 
mortality and morbidity rate of surgery performed 
during the unstable phase of the disease, throm- 
bolytic therapy could be used when all else has 
failed, before resorting to surgery. 

Trials that evaluate long-term prognostic results 
need to collect large numbers of patients to pro- 
vide useful prognostic information. However, using 
total myocardial ischemia as an end point for 
short-term prognosis, much smaller numbers of 
patients are sufficient. 

Bearing in mind that relieving pain can no 
longer be our goal when treating patients with 
unstable angina, the challenge for the 1990s is to 
demonstrate that reduction or abolition of total 
myocardial ischemia has a significant impact on 
prognosis in these patients. 
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Thrombolysis in Postinfarction Angina 


Pamela Ouyang, mp, Edward P. Shapiro, mD, and Sidney O. Gottlieb, MD 





Postinfarction angina carries a poor prognosis, 
with a 20—70% incidence of recurrent myocardial 
infarction (MI) or death within the subsequent 
3—6 months. The pathophysiologic mechanisms 
causing postinfarction angina may include throm- 
bus, complex coronary arterial lesions that form 
a nidus for thrombus formation, inadequate col- 
lateral supply following acute MI, or intimal endo- 
thelial dysfunction. The role of thrombus has 
been established in the pathophysiology of 
Q-wave MI, and thrombolytic treatment of pa- 
tients presenting with acute transmural MI has 
been shown to salvage left ventricular function 
and to reduce mortality. However, thrombolytic 
therapy for the acute MI does not reduce the inci- 
dence of recurrent ischemia or infarction, as is 
evident from the 18—26% incidence of recurrent 
ischemia reported in the Thrombolysis and Angio- 
plasty in Myocardial Infarction (TAMI) and Throm- 
bolysis in Myocardial Infarction (TIMI) trials. In 
the Gruppo Italiano per lo Studio della Strep- 
tochinasi nell’ infarto Miocardico (GISSI) study the 
incidence of reinfarction was documented as 4% 
in the streptokinase group, which was actually 
significantly greater than in the placebo group 
(2%). In a randomized placebo-controlled study of 
thrombolysis for postinfarction angina, 29 pa- 
tients were randomized to placebo (P group, 

n = 17) or to thrombolytic therapy (T group, 

n = 12). Patient groups were similar with respect 
to age, location of Mi, ejection fraction, severity 
of coronary artery disease, and antianginal ther- 
apy. Patients underwent coronary angiography 

6 + 1 days postinfarction. Filling defects consis- 
tent with intracoronary thrombus was seen in 11 
of 12 T group patients and in 11 of 17 P group pa- 
tients prior to treatment. Lysis occurred in 7 of 11 
T patients and 1 of 11 P (p < 0.02). Holter-de- 
tected silent ischemia was compared pre- and 
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posttherapy. Of patients with pretherapy Holter 
studies, silent ischemia occurred in 8 of 15 P pa- 
tients (1.7 + 0.33 episodes/24 hr, lasting 
27.9 + 12.1 min/24 hr) and in 2 of 9 T patients 
(0.6 + 0.4 episodes/24 hr lasting 9.4 + 3.1 
min/24 hr). There was no significant change in the 
amount of silent ischemia following therapy in 
either group. Clinical ischemic events occurred in 
3 of 12 T patients and in 5 of 17 P patients (no 
difference between the 2 groups). This study 
showed that thrombus was commonly seen in pa- 
tients with postinfarction angina, and throm- 
bolytic therapy could successfully lyse the clot 6 
days postinfarction. However, despite achieving 
successful thrombolysis, in patients who were 
already receiving an intensive antianginal regi- 
men for postinfarction angina, thrombolytic ther- 
apy did not result in an improvement in Holter- 
detected or clinical ischemia. 

(Am J Cardiol 1991;68:119B—124B) 


ostinfarction angina is defined as angina 
Pre at rest or minimal exertion, 24 

hours to 4 weeks following a documented 
myocardial infarction. Postinfarction angina occurs 
in 15-26% of patients following acute myocardial 
infarction. There may be many pathophysiologic 
mechanisms causing postinfarction angina. The 
infarct vessel may be patent but significantly 
stenotic, resulting in ischemia of viable myocar- 
dium remaining in the infarct territory. This situa- 
tion may be particularly common following throm- 
bolytic therapy for acute myocardial infarction. In 
other patients, the infarct-related artery may re- 
main totally occluded. The etiology of postinfarc- 
tion ischemia may then result from insufficient 
blood supply to a border zone adjacent to the 
infarct segment, which may have been supplied in 
part by collateral flow originating from the vessel 
that is now occluded, or alternatively the occluded 
bed may “steal” via collaterals from distant beds. 
The noninfarct vessels may be stenotic and occlu- 
sion of the infarct vessel may result in ischemia in 
distant regions of the heart as a result of loss of 
collateral flow from the infarct vessel.” 
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TABLE I Clinical and Angiographic Correlates of Early Ischemia 


Present Absent 
n=79 (%) n=370 (%) 












p Value 



























Cholesterol (mg/dl) 225 + 42 209 + 49 <0.01 
No. of risk factors 1.6 + 0.7 1.4 + 0.7 <0.01 
Duration of heart 38 + 50 24 + 36 0.024 
disease (mo) 
Previous angina 42 (53) 116 (31) <0.0005 
Previous MI 27 (34) 76 (21) <0.01 
Non-Q-wave MI 41 (52) 117 (32) <0.001 
Peak CK (IU/L) 1,280 + 1,121 1,818+ 1,581 <0.005 
No. of patients with > 70% stenosis 
O vessel 0 (0) 14 (4) 0.003 
1 vessel 20 (25) 158 (43) 
2 vessel 28 (35) 120 (32) 
3 vessel 31 (39) 78 (21) 
LAD 61 (77) 230 (62) 0.01 
Proximal LAD 28 (35) 81 (22) 0.01 
Cx 50 (63) 176 (48) 0.01 
RCA 52 (66) 218 (59) NS 
No. of stenosed vessels 2.1+0.8 lA C8 <0.00001 
per patient 





MI = myocardial infarction. 


The predictors of recurrent ischemia early 
postinfarction and the catheterization findings in 
patients with postinfarction angina have been re- 
ported in a number of studies. The development of 
unstable angina early after acute myocardial infarc- 
tion carries a particularly poor prognosis with a 
significant percentage of such patients experienc- 
ing reinfarction, death or need for revasculariza- 
tion for persistent angina.’ Medical therapy that 
has been shown to be of benefit, including ßB 
blockers,”’ the addition of nifedipine to B block- 
ers,° diltiazem, aspirin, and heparin.’ Most of these 
studies were performed prior to the use of throm- 
bolytic therapy for Q-wave myocardial infarction. 
Bosch et al’ found an 18% incidence of postinfarc- 
tion angina in a series of 449 patients surviving 
greater than 24 hours after admission for acute 
myocardial infarction. The clinical correlates of 
early ischemia were found to be a longer history of 
heart disease with a greater frequency of prior 
angina pectoris or previous myocardial infarction, 
and non-Q-wave infarction (Table I). These pa- 
tients underwent cardiac catheterization during 
their hospital stay, and postinfarction angina was 
more commonly found in patients with proximal 
left anterior coronary artery disease and circumflex 
vessel disease. The number of stenotic vessels per 
patient and number of stenotic segments was also 
greater in patients having postinfarction angina 
compared with those without recurrent ischemia. 
Logistic regression analysis showed 3 independent 
predictors for the development of postinfarction 
angina: previous angina, non-Q-wave infarction, 
and number of risk factors for atherosclerosis 
(Table II). The frequency of thrombi identified at 


120B THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 





TABLE Il Summary of Stepwise Logistic Regression of 
Variables Associated with Post-infarction Angina 


Odds Ratio (95% 


x? pValue Bi confidence limits) 


No. of vessels with 11.2 0.0008 0.518 2.8(2.1—3.8)* 
> 70% stenosis 

Non-Q-wave MI 9 

History of angina Fa 


Constant a 


0.0027 
0.017 


0.39 
0.317 
—2.42 


2.2 (1.7-2.8) 
1.9 (1.5-2.4) 


x° = chi-square values based on maximum likelihood ratio test, 1 degree of freedom 
chi-square distribution; Bi = correlation coefficient of the variables retained by the 
regression; odds ratio = ratio of the probabilities of a right versus a wrong prediction; 
MI = myocardial infarction. 

*Three- vs one-vessel disease. 


catheterization was not mentioned, and the study 
was performed prior to the routine use of throm- 
bolytic therapy for Q-wave infarction. 

The frequency of adverse clinical events, e.g., 
recurrent infarction, infarct extension and death, is 
high in these patients.’ Bosch et al’ documented 
an infarct extension rate of 28% among patients _ 
with postinfarction angina compared with 2% in 
the group without angina, and there was also a 
greater morbidity in the first 3 months of follow-up. 
Schuster and Bulkley’ found a 55% overall mortal- 
ity in patients with postinfarction angina. They 
divided patients into 2 groups: those with ischemia 
in the infarct zone (angina with new electrocardio- 
graphic changes limited to the leads originally 
involved in the acute infarct), and those with 
ischemia at a distance (angina with new electrocar- 
diographic changes distant from the acute infarct). 
Patients with ischemia at a distance had a 72% 
6-month mortality compared with a 33% mortality 
in patients with ischemia in the infarct zone. 


PATHOPHYSIOLOGY OF MYOCARDIAL 
INFARCTION 

The role of thrombus has been established in 
the pathophysiology of acute myocardial infarc- 
tion, particularly transmural infarction. Thrombus 
has been demonstrated by angiography in 70- 90% 
of infarct vessels when studied early after onset of 
transmural infarction.’ Thrombolytic therapy 
within the first several hours of chest pain has 
become the standard of care in these patients, 
since it has been shown to reduce the amount of 
left ventricular damage and to reduce mortality.*” 
However, successful recanalization of the infarct 
artery may result in a residual severe coronary 
stenosis and may predispose to recurrent ischemia 
or reocclusion with subsequent reinfarction. The 
rate of reocclusion has been thought to be as high 
as 15-30% in some studies." Ambrose, using 
quantitative angiography, has shown a marked 
similarity between the morphology of the infarct 
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TABLE Iil Occurrence of Primary Endpoints 


Urokinase 
(n = 12) 


Aspirin 
(n = 13) 
Patients reaching end point 
Myocardial infarction 
Ischemia 
Death 
Total 
Timing of end point 
< 24 hours 
24 to 72 hours 
> 72 hours 


*p = 0.18 (aspirin vs urokinase); tp <0.05. 


vessel following thrombolysis and of the ischemic 
vessel in patients with unstable angina, with a high 
incidence of type II eccentric lesions."® 

The pathophysiology of non-Q-wave myocardial 
infarction is very similar to, if not indistinguishable 
from, that of rest or unstable angina. Frequently, 
the diagnosis of non-Q-wave infarction or unstable 
angina pectoris cannot be made until the creatine 
kinase MB enzyme values are known. There is a 
much lower incidence of total coronary occlusion 
with thrombus in patients studied within 24 hours 
of non-Q-Wave infarction (24%), compared with 
patients with Q-wave infarction.” Plaque fissure 
may be present as a nidus for thrombus formation 
in both non-Q-wave infarction and unstable angina 
pectoris. The evidence that thrombolytic therapy is 
beneficial in non-Q-wave infarction or unstable 
angina is much less clear than for transmural 
infarction. 

Several studies have reported on the use of 
thrombolytic therapy in unstable angina but very 
few have studied postinfarction angina.” All 
studies have involved relatively small numbers of 
patients and have shown varying results with re- 
spect to evidence of angiographic improvement or 
evidence of clinical improvement. In the majority 
of these reports the use of aspirin is not mentioned, 
or was used in both groups. Schreiber et al” 
studied a small number of patients (n = 25) pre- 
senting with unstable angina with an electrocardio- 
gram (ECG) showing subendocardial ischemia, 
who were randomized to receive either aspirin 325 
mg/day or urokinase 3 x 10° U intravenously 
followed by heparin. There was a higher incidence 
of progression to prolonged ischemia, myocardial 
infarction or death over the first 24 hours in 
patients randomized to aspirin compared with the 
urokinase group, although by 7 days, progression to 
further end points was similar in both groups 
(Table III). There was no difference in severity of 
coronary stenosis or angiographic evidence of intra- 
coronary thrombus following either treatment. 











TABLE IV Recurrent Ischemia Following Thrombolytic Therapy 
for Myocardial Infarction 


Ischemia Reocclusion Ml/Death 


Study Drug (%) (%) (%) 


TAMI (1987) 98 
TIMI (1988) 1,626 
GISSI (1987) 5,860 
ISIS-2 (1988) 8,592 

8,587 


4,292 ASA+SK 


ASA = acetylsalicylic acid (aspirin); SK = streptokinase; t-PA = tissue plasminogen 
activator. 


The effectiveness of thrombolytic therapy for 
transmural infarction suggested that the removal 
of the thrombus may also reduce the incidence of 
postinfarction angina. In addition, treatment with 
thrombolytic therapy days after infarction, at the 
time of development of postinfarction angina, may 
be effective. 


THROMBOLYTIC THERAPY FOR 
POSTINFARCTION ANGINA 

Placebo-controlled double-blind studies of 
thrombolytic therapy and antiplatelet therapy in 
patients with myocardial infarction provide data 
concerning whether treatment of the acute infarc- 
tion with these agents affects the incidence of 
postinfarction angina or reinfarction. The 2 largest 
studies published to date are the Gruppo Italiano 
per lo Studio della Streptochinasi nell’Infarto Mio- 
cardico (GISSI)* and Second International Study 
on Infarct Survival (ISIS-2)° trials. In the GISSI 
trial, 11,806 patients admitted to a coronary care 
unit within 12 hours of symptoms of acute myocar- 
dial infarction were randomized to receive intrave- 
nous streptokinase or placebo and the patients 
were followed for 14—21 days. This study showed a 
decrease in mortality of around 20% in the intrave- 
nous streptokinase. The data on nonfatal infarc- 
tion show a reinfarction rate of 4% in the streptoki- 
nase group compared with 2% in the placebo 
group (p <0.00001), and the incidence of postinf- 
arction angina was not different in either group, 
17% in streptokinase and 16% in the placebo 
group. Similar results were obtained in the ISIS 
study when patients treated with streptokinase 
were compared with the placebo group with regard 
to incidence of reinfarction (2.8% streptokinase, 
2.4% placebo). However, treatment with aspirin 
significantly reduced the reinfarction rate from 3% 
in the placebo groups to 1.8% in aspirin-treated 
groups (Table IV). 

These findings suggest that despite the demon- 
strated mortality benefit, early thrombolytic treat- 
ment of myocardial infarction does not necessarily 
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reduce the incidence of postinfarction ischemia. 
Similar results were obtained in the Second Throm- 
bolysis in Myocardial Infarction (TIMI-II) study. 
All patients received recombinant tissue-type plas- 
minogen activator, so this study did not directly 
compare the efficacy of thrombolytic agents versus 
placebo in preventing the development of postin- 
farction angina. However, the high rate of recur- 
rent ischemia of 25.8% in the TIMI-IIb study 
confirms the findings of the large placebo-con- 
trolled studies. Failure of thrombolytic agents to 
decrease the frequency of recurrent ischemia 
postinfarction may be because successful lysis of 
the infarct-related thrombus may leave a residual 
high grade lesion that remains a nidus for rethrom- 
bosis. This raises the question of whether or not 
treatment with thrombolytic therapy for recurrent 
ischemia in the early postinfarction period will be 
beneficial. 


THE JOHNS HOPKINS MEDICAL INSTITUTION 
EXPERIENCE 

In a nonrandomized pilot study, 18 consecutive 
patients with angina at rest within 2 weeks after 
acute myocardial infarction, who had total occlu- 
sion of the infarct vessel, were treated with intra- 
coronary streptokinase.” If a total occlusion of the 
infarct artery was found, intracoronary nitroglyc- 
erin, 200 wg, was initially given to exclude spasm as 
an etiology. If the artery remained occluded, a 
loading dose of streptokinase (20,000 U) was 
injected into the ostium of the obstructed vessel 
and a continuous selective intracoronary infusion 
of streptokinase (800 U/min) given for a maximum 
of 1 hour with a maximal total dose of 500,000 U. 
Coronary angiography was repeated at 15-minute 
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intervals to determine vessel patency. Thromboly- 
sis within 60 minutes was achieved in 12 of the 18 
patients, with a mean time to reestablishment of 
antegrade flow of 34 minutes. In 3 of the patients, 
an intraaortic balloon pump was placed shortly 
after the catheterization and these patients under- 
went coronary artery bypass grafting. Of the remain- 
ing 9 patients with successful coronary reperfusion, 
8 became pain-free for the remainder of their 
hospital course and 1 patient continued to have 
rest pain. In contrast, 5 of 6 patients in whom 
thrombolysis was not achieved continued to have 
recurrent rest angina and 1 became pain-free 
(Figure 1). This pilot study demonstrated the 
feasibility of achieving coronary artery reperfusion 
with streptokinase when it is given several days 
after infarction and suggested that late reperfusion 
may be of benefit. 

We, therefore, initiated a randomized study of 
postinfarction angina patients to determine if 
thrombolytic therapy would modify the angio- 
graphic findings and reduce the incidence of is- 
chemic events.” Twenty-nine patients with postin- 
farction angina within 15 days of acute infarction 
underwent cardiac catheterization and were ran- 
domized to thrombolytic therapy (n = 12) or pla- 
cebo (n = 17). The patients in each group were 
similar with respect to their baseline characteris- 
tics, including the incidence of anterior or Q-wave 
infarction, and ejection fraction by 2-dimensional 
echocardiography. Patients received similar medi- 
cal treatment with nitrates, calcium antagonists, B 
blockers, and heparin. Continuous ECG monitor- 
ing was performed before and after treatment to 
evaluate the presence of asymptomatic ischemia. 
The incidence of thrombus, defined as a filling 









FIGURE 1. Clinical outcomes of patients with postinfarction angina treated with thrombolytic therapy. The outcomes for 
patients with lysis of Intracoronary thrombus (opened) and without lysis (not opened) are shown. PTCA = percutaneous 
transluminal coronary angioplasty. 
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defect or abrupt occlusion of the coronary artery 
on the coronary angiogram, was 11 of 12 (92%) in 
the thrombolytic group and 11 of 17 (65%) in the 
placebo group (difference not significant). The 
thrombolytic drug used was streptokinase (up to 
500,000 U intracoronary) in 8 patients, and recom- 
binant tissue-type plasminogen activator (100 mg 
intravenously) in 9 patients. Successful lysis of the 
clot within 60 minutes occurred in 7 of 11 patients 
treated with thrombolytics and 1 of 11 in the 
placebo group (p <0.02), with improvement in the 
TIMI flow grade (Figure 2). However, early clinical 
outcomes were similar in the two groups with 
angina, reinfarction, death or revascularization for 
symptoms occurring in 25% of the thrombolysis 
and 29% of the placebo group during the hospital 
stay. Continuous ECG monitoring before therapy 
showed asymptomatic ischemia in 8 of 15 placebo 
patients (1.7 + 0.3 episodes/24 hours lasting 
27.9 + 12.1 min/24 hr), and in 2 of 9 thrombolytic 
therapy patients (0.64 + 0.4 episodes/24 hr lasting 
9.4 + 3.1 min/24 hr). The amount of asymptomatic 
ischemia documented using continuous ECG mon- 
itoring did not decrease as a result of thrombolytic 
therapy in this small group of patients (Figure 3). 
Thus, in a randomized double-blind study in pa- 
tients with postinfarction angina, there was a high 
incidence of thrombus at catheterization and throm- 
bolytic therapy was effective in lysing clot and 
improving flow, but did not produce a reduction in 
clinical or Holter-recorded ischemic events. 
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FIGURE 2. Coronary angiographic Thrombolysis in Myocar- 
dial Infarction (TIMI) class of the infarct vessel in patients 
with postinfarct angina who were randomized between 
thrombolytic and placebo therapy. The pre- and postther- 
apy TIMI classes are shown for each group. TIMI flow of 0 
means no antegrade flow, 1 means some penetration past 
the obstruction, 2 means slow distal perfusion and 3 
means normal flow. 








DISCUSSION 

These findings suggest that although thrombus 
is a common finding in patients with unstable 
angina, other factors may be of importance in 
determining the development of postinfarction 
angina. Studies have suggested that antiplatelet 
drugs may be of benefit in decreasing the incidence 
of postinfarction angina, since it is beneficial in 
unstable angina.’ Catheterization findings of com- 
plex eccentric lesions also suggest that an unstable 
plaque with mural thrombus may be involved in 
postinfarction unstable angina. Endothelial cell 
dysfunction may play an additional role. Endothe- 
lium-derived relaxing factor has been described as 
a basal product of the endothelial lining of ves- 
sels.” Abnormalities of the endothelium, e.g., ath- 
erosclerotic changes, and hypercholesterolemia, 
have been shown to reduce the release of endothe- 
lium-derived relaxing factor, thus converting the 
endothelial-derived relaxation normally seen in 
response to certain agonists, e.g., acetylcholine, 
thrombin, and serotonin, to vasoconstriction sec- 
ondary to the effect of these agonists on the 
vascular smooth muscle. Several angiographic stud- 
ies have shown abnormal endothelial responses in 
patients with coronary stenoses.” In addition, 
animal studies have shown abnormal endothelial 
function following coronary occlusion and reperfu- 
sion.” These abnormal responses would make 
the stenotic coronary artery more susceptible to 
vasoconstriction in response to platelet aggregates. 
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FIGURE 3. Number of episodes of silent ischemia identi- 
fled by continuous electrocardiographic monitoring pre- 
and hance te in patients with postinfarction angina 
randomized between thrombolytic therapy and placebo. 
There was no difference between number of episodes of 
ischemia in the placebo and thrombolysis groups or be- 
tween pre- and posttherapy recordings within each group. 
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Studies to date have shown benefit from B 
blockers, calcium antagonists, aspirin, and heparin 
in patients with unstable angina and postinfarction 
angina. The pathophysiology of postinfarction an- 
gina may include the presence of complex coronary 
lesions, platelet aggregation and underlying abnor- 
malities in endothelial function. However, there is 
no evidence that thrombolytic therapy of acute 
myocardial infarction reduces the incidence of 
postinfarction angina. In addition, small studies of 
thrombolytic therapy for postinfarction angina per 
se have not been shown to reduce clinical or 
electrocardiographic ischemic events. Future stud- 
ies should include comparison of thrombolytics 
with antiplatelet therapy in larger studies, to defin- 
itively determine the optimum therapy for postin- 
farction angina. 
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Angioplasty for Unstable Angina 
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Coronary angioplasty is an effective treatment 


for patients with angina at rest, either refractory 
or initially stabilized but returning despite phar- 
macologic treatment, and with early postinfarc- 
tion angina. The procedure has a high initial suc- 
cess rate, but there is an increased risk of major 
complications resulting from a higher incidence 
of acute closure, which may be related to preex- 
isting thrombus. Resolution of this problem may 
be achieved by the use of more potent antiplate- 
let treatment, pretreatment with thrombolytic 
agents, or treatment that can be applied locally 
(e.g., laser energy, atherectomy) at the site of 
the unstable plaque. Results in this study have 
been obtained from selected groups of patients: 
those with predominantly single-vessel disease 
and well-preserved left ventricular function. It 
remains to be determined whether the same ben- 
efits can be achieved in patients with multivessel 
disease or in those who have severely reduced 
left ventricular function. 

(Am J Cardiol 1991;68:125B-—135B) 
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coronary angioplasty (PTCA) for stable an- 
gina more than 10 years ago, the scope of the 
technique has been broadened to include patients 
with unstable angina of varying severity.'* The 
primary success rate remains high, but acute major 
complications seem to be more common in patients 
with unstable symptoms (Tables I through VII). 
Since there is no universally accepted definition of 
unstable angina, it is often described as a clinical 
syndrome between stable angina and acute myocar- 
dial infarction.’ However, this broad definition 
encompasses many categories of patients who 
present with a variable history and different investi- 
gational features, in whom varying pathophysio- 
logic mechanisms are operating at different times 
and who have different, often unpredictable out- 
comes.” In order to evaluate the impact of differ- 
ent therapeutic modalities, it is more appropriate 
to stratify patients according to several recognized 
clinical subgroups. Also, it is relevant to reflect 
whether these patients present at the local physi- 
cian’s level, the regional hospital, or the tertiary 
referral center. The 3 categories that we have used 
over the years are identical to 3 categories in the 
recently published criteria by Braunwald.’ 

Progressive angina: Braunwald (III,b,2) pa- 
tients with new-onset angina of a progressive na- 
ture or with chronic angina who experience a 
change in their anginal pattern, which has now 
increased in frequency or severity. These patients 
do not experience angina at rest. This subgroup of 
patients with unstable angina appears to have a 
more benign clinical course and may only require 
pharmacologic intervention (including antiplatelet 
agents) to treat recurrent ischemia or to prevent 
progression to myocardial infarction and cardiac 
death.*"* They should be hospitalized and man- 
aged by stepwise increases in therapy for at least 48 
hours. However, when the symptoms do not re- 
spond sufficiently to pharmacologic treatment or 
even progress in severity, revascularization (PTCA 
or coronary artery bypass graft [CABG]) is neces- 
sary within that period. 





; À ince the advent of percutaneous transluminal 
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TABLE I Coronary Angioplasty for Initially Stabilized Unstable Angina Pectoris* 


Major Complication Rate 


Success Rate Death 


Reference No. Patients (%) (%) 


Quigley et al? 
de Feyter et al”° 
Steffenino et al”? 


Coronary Events After 
Successful Angioplasty 


Acute Angina 
MI Surgery Death MI Pectoris 
(%) (%) (%) (%) (%) 


Follow-up in 
Months 
(Mean) 


*Definition of unstable angina: Quigley et al: New-onset angina, coronary insufficiency, changing pattern of preexisting angina, angina at rest or variant angina. de Feyter et al: Chest 
pain at rest accompanied with ST-T changes. Steffenino et al: Worsening in the frequency or severity of chest pain or severe episodes of prolonged pain at rest. MI = myocardial 


infarction. 


Angina at rest: Braunwald (III,c,3) patients 
with repeated periods of angina at rest with ST- 
segment or T-wave changes on a baseline electro- 
cardiogram. These patients appear to have a worse 
prognosis with a high incidence of acute myocar- 
dial infarction and mortality that requires more 
aggressive interventions.’ A subgroup of these 
patients who are refractory to pharmacologic treat- 
ment while hospitalized appears to have a worse 
prognosis, which dictates urgent aggressive inter- 
vention. 

Early postinfarction angina: Braunwald 
(III,c,3) patients with early (within 30 days) postin- 
farction angina at rest with ST-segment or T-wave 
changes or with angina pectoris induced by light 
exercise. These patients also appear to have a high 
incidence of recurrent myocardial infarction and 
mortality that requires more aggressive interven- 
tions.” 

The above classification is also helpful in terms 
of the expected difference of the frequency of 
complications of PTCA in these subgroups. Pa- 
tients with angina at rest, early postinfarction 
angina, and those refractory to treatment are at 
increased risk of procedural complications, whereas 
patients with progressive angina appear to have a 
lower risk of procedural complications, similar to 
the risk of patients with stable angina pectoris who 
undergo coronary angioplasty.” 





PATHOPHYSIOLOGY 

Over the last few years, clinical and pathologic 
observations and experimental investigation have 
led to a better understanding of the pathogenetic 
factors leading to acute coronary syndromes: unsta- 
ble angina, myocardial infarction, and ischemic 
sudden death. Platelet aggregation and thrombus 
formation secondary to plaque rupture and fis- 
suring in the atherosclerotic coronary artery play 
major roles?“ (Figure 1). 

Sudden plaque rupture, such as occurs in acute 
coronary syndromes, exposes its contents (among 
other components, fibrillar collagen type I, which is 
a powerful thrombogenic stimulus)” to circulating 
blood. This in turn triggers platelet aggregation 
and together with activation of the coagulation 
system leads to (successive layers of) thrombosis. 
Subsequently, fibrinogen and the von Willebrand 
factor play an important role in aggregate platelet 
formation.*** Vasoconstriction also contributes to 
this process due to abnormalities in vasomotion 
caused by a presumed defect in endothelial vasodi- 
lator dysfunction of the endothelium near to or 
overlying the plaque.*””’ Also, aggregated platelets 
release prostanoids, serotonin, and _platelet-de- 
rived growth factors, all of which are known to 
possess vasoconstrictive effects.” 

Thus, depending on the power of the thrombo- 
genic stimulus (type of exposed collagen), the 


TABLE II Coronary Angioplasty for Refractory Unstable Angina Pectoris 


Major Complication Rate 


Death 
No. Patients (%) (%) 


Success Rate 


Year 


1985 


Reference 


de Feyter et al’? 


Timmis et al”? 1987 56 70 5.4 
Plokker et al‘ 1988 469 88 1 
Sharma et al’° 1988 40 88 0 
Perry et al’® 1988 105 87 2 


Coronary Events After 
Successful Angioplasty 





Acute Angina Follow-up in 
MI Surgery Death MI Pectoris Months 

(%) (%) (%) (Mean) 

l 

Jel 12.5 33 3.3 39 6 
4.9 3 kS 0.1 21 19.3 
0 12 0 0 34 11 
9 4 —- -— -= —— 


MI = myocardial infarction. 
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TABLE Ili Coronary Angioplasty for Early Postinfarction Angina Pectoris 


Major Complication Rate 


Success Rate 


Reference No. Patients (%) (%) 


de Feyter et al” 

Holt et al’® 

Gottlieb et al’? 
Safian et al®°* 
Hopkins et al®! 
Suryapranata et al®** 


Death 





Coronary Events After 
Successful Angioplasty 


Acute 
MI Surgery Death MI 
(%) (%) (%) (%) 


Angina 
Pectoris 


Follow-up in 
Months 


*Coronary angioplasty after non-Q wave myocardial infarction performed 2.3 months after index infarction. 


balance between thrombogenic and vasoconstric- 
tive substances (such as thromboxane A,, leuko- 
trienes, histamine, and serotonin) relative to an- 
tithrombogenic and vasodilating substances (pros- 
tacyclin, endothelium-dependent relaxing factor, 
plasminogen activator), shear rate forces,” and the 
severity of preexisting stenosis, plaque rupture may 
eventually lead to a partial or total occlusive 
thrombus, which may be transient or permanent. 
The resulting extent and duration of impaired 
antegrade coronary blood flow, influenced by the 
extent of collateral circulation, will determine the 
subsequent clinical syndrome, which may range 
from no symptoms, to stable angina, unstable 
angina, non-Q-wave myocardial infarction, Q-wave 
myocardial infarction, to sudden death (Figure 1). 

In unstable angina presenting as progressive 
angina, the process is limited to mild plaque 
damage with platelet aggregation and formation of 
labile thrombus not strongly attached to the under- 
lying plaque. Obstruction is intermittent or more 
permanent in the presence of an adequate collat- 
eral supply. In the majority of patients with this 
type of unstable angina, the clinical situation stabi- 


lizes and the plaque injury heals, but the underly- 
ing lesion remains or becomes more severe.”””° 
PTCA has been shown to be an effective method 
of enlarging the lumen of stenosed coronary arter- 
ies.’ By so doing, it may resolve myocardial 
ischemia effectively and prevent progression to 
total occlusion in some patients with unstable 
angina. The mechanism by which the atheroscle- 
rotic plaque is reduced is fracture of the plaque 
with redistribution of its content within the wall of 
the coronary artery and expansion of the external 
diameter of the artery.” ® However, coronary an- 
gioplasty can be a 2-edged sword, which may also 
aggravate thrombosis formation. Animal studies 
have shown that angioplasty also causes endothe- 
lial denudation, immediate platelet deposition, 
mural thrombus and localized vasoconstriction at 
the site of the arterial injury.” It is conceivable, 
therefore, that angioplasty induces further injury 
of the already damaged plaque in patients with 
unstable angina, which may lead in turn to in- 
creased platelet deposition, aggregation, and throm- 
bus formation. Indeed, angioplasty has been shown 
to induce thrombosis and vasospasm, leading to 


TABLE IV Results of Thrombolytic Treatment in Patients with Unstable Angina 


Study No. Patients Treatment 


Intracoronary streptokinase 

IC streptokinase 

IC streptokinase 

IC streptokinase 

IC streptokinase 

IC Streptokinase (22 patients); 
rt-PA (16 patients) 

IV streptokinase (24 hr) + warfarin 

Warfarin 


Rentrop et al” 
Vetrovec et al® 
Mandelkorn et al?° 
Shapiro et al?” 
Ambrose et al?” 
de Zwaan et al?’ 


Lawrence et al?’ 
Gold et al! 


Topol et al‘?! 
Gotoh et al'° 


IV t-PA or placebo 
IV t-PA or placebo 
IC urokinase 


IC = intracoronary; IV = intravenous; rt-PA = recombinant plasminogen activator. 





Angiographic Evidence 
of Lysis (%) 


Clinical Outcome Follow-up 


6 months 
6 months 


5%: sudden death (1 patient) 

40%: sudden death (4 patients) 
infarction (4 patients) 

40%: decrease in recurrent ischemia 

Improved pacing threshold to ischemia 

95%: lysis 

71%: recurrence of symptoms 

24%: progression of MI 


7 days 
7 days 
1 month 
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TABLE V Management of Acute Coronary Closure and Acute 
Results in Patients Undergoing Percutaneous Transluminal 
Coronary Angioplasty (PTCA) 


Condition No. Patients 


Intracoronary thrombus 44 
Acute coronary occlusion 
Total 
Redilation only 
Intracoronary streptokinase + redilation 
Intracoronary streptokinase + acute surgery 
Acute surgery 4 (3; 1 death) 
Conservative treatment 1 (1) 
Initial success 188 
Failure without complication 
Failure with major complication 
Total 
Death 
Myocardial infarction 
Acute surgery 


21 (6)* 
4 (0) 
10 (1) 
2 (1) 


*Parentheses denote number of patients who developed myocardial infarction. 
Obtained in 200 consecutive patients undergoing PTCA for unstable angina 
(1986-1988). 


abrupt closure of the dilated vessel in some pa- 
tients.“ The possible role of addition of a throm- 
bolytic agent will be discussed after the next 3 
subparagraphs. 


CORONARY ANGIOPLASTY FOR ANGINA AT 
REST: INITIALLY STABILIZED WITH, OR 
REFRACTORY TO, PHARMACOLOGIC 
TREATMENT 

Patients with chest pain at rest accompanied by 
significant ST-T changes in the electrocardiogram 
have an increased risk of mortality and morbid- 
ity.’ Current averages are 5-7% and 12-15% per 
annum after the first attack for mortality and 
morbidity, respectively. Although in most of these 
patients the clinical symptoms can be stabilized 
with pharmacologic treatment, including aspirin, 
nitrates, B blockers, calcium antagonists, and hep- 
arin, further management of the underlying coro- 
nary lesion, by either PTCA or coronary bypass 





TABLE VII Surgical Mortality and Perioperative Myocardial 
Infarction Rate in Unstable Angina and Postinfarction Unstable 
Angina 


Perioperative 
Myocardial 
Infarction 


Perioperative 
No. Mortality 
Patients (%) 


Unstable angina 
Ahmed et al, 1980+:° 71 
Brawley et al, 1980™? 130 
Rankin et al, 1984? 48 
Rahimtoola et al, 1983? 1282 
Cohn et al, 1985 222 
Goldman et al, 1985??5 299 
McCormick et al, 19856 3311 
Luchi et al, 19877?’ 468 
Postinfarction unstable angina (30 days) 
Nunley et al, 1983''® 
Williams et al, 1983+ 
Rankin et al, 1984? 
Baumgartner et al, 1984'° 
Gertler et al, 1985!” 
Singh et al, 1985'*2 
Brower et al, 1985!” 
Breyer et al, 1985'24 
Jones et al, 1987'° 
Stuart et al, 1988'7° 





surgery, is indicated in the majority. We now 
believe that patients refractory to pharmacologic 
treatment should undergo urgent revascularization 
(PTCA or CABG). (Figure 2 A, BY” 

It has been shown that coronary angioplasty is 
relatively safe and effective in patients with unsta- 
ble angina when performed early (semielective) 
after initial stabilization (Table I)” or when 
performed acutely in patients refractory to optimal 
pharmacologic treatment (Table II). Initial suc- 
cess rates of 70-92% reported in patients with 
unstable angina are somewhat lower than the 
success rate of >90% achieved in patients with 
stable angina pectoris. This is mainly due to the 
higher complication rate in patients with unstable 
angina who undergo coronary angioplasty. 


TABLE VI Late Mortality and Late Incidence of Nonfatal Myocardial Infarction in Unstable Angina* 


Treatment 


Mulcahy et al?°*:!>+ 
Gerstenblith et al'°® 
Lewis et al?°t 
Miller et al!” 


Nitrites/occasional B-blockers 

Nitrates/B blockers + nifedipine 

Conventional Rx + aspirin 

Nifedipine + 

nitrates/B blockers 

Conventional Rx + aspirin 

Conventional Rx + either heparin or 
aspirin or combination 


Cairns et al?'t 
Theroux et al? 


*Chest pain at rest associated with ST or T-wave changes. 


tBoth studies of Mulcahy et al on the natural history of unstable angina were combined. 


No. Patients 


Nonfatal Myocardial 
Mortality (%) Infarction (%) 
0.5-1 
Month 


2—5 12 
Months Months 


0.5—1 
Month 


3—4 12 
Months Months 


+The study of Cairns et al included patients with chest pain at rest, with St-T wave changes in only about 30% of patients. Both Cairns et al and Lewis et al’s studies were controlled, 
randomized trials comparing placebo with aspirin; only the beneficial results with aspirin are shown. 
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ULCER u " 
HEALING REPAIR 


ISCHEMIC MYOPATHY 


"INJURY" ULCERATION 


ACCELERATED ANGINA 


embolization 


Be rapid 


platelet aggregation 


SUDDEN DEATH 


plaque rupture 





THROMBUS 
INCORPORAT ION 


STENOSIS PROGRESSION 


PARTIAL 
THROMBOSIS 


UNSTABLE ANGINA 


spontaneous lysis 


gradual 
occlusive thrombus 


MYOCARDIAL INFARCTION 


(Modified after FALK, DAVIES, FORRESTER) 


FIGURE 1. The ulceration—thrombosis cycle of coronary disease. 


The procedure-related mortality is reported to 
range from 0 to 5.4% and myocardial infarction 
rate varies between 0 and 12% and the need for 
emergency surgery from 3% to 12.5%. The major 


No/mild ischemia 


FIGURE 2. Triage approach to the pa- 
tients with unstable angina. A, pro- 
posed management of patients who 
present with recent-onset angina or 
with a worsening pattern of angina. B, 
proposed management of patients who A 
present with angina at rest or with early 
postinfarction angina. CABG = coronary 
artery bypass graft; ECG = electrocar- 
diogram; I.C. = intracoronary; PTCA = 
percutaneous transluminal coronary 


angioplasty; R, = therapy. 


Conventional R, = nitroglycerine, /i-blockers, Ca-antagonists 


Interval last attack > 48 hr 
ECG changes 


No/mild 
ischemia 


| Aspirin | 


Conventional Rx = nitroglycerin, B-blockers, Ca-antagonists and heparin. 


complications are mainly associated with a higher 
incidence of acute coronary occlusion, which is 
presumably caused by the more ready formation of 
an occlusive thrombus following PTCA in these 


ECG changes 


m 


No yes 


Conventional Rx Conventional Rx 


Exercise test Exercise test 


— 


Severe ischemia Severe ischemia No/mild ischemia 


Angiogram Angiogram 
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attack attacks 
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| + 


Exercise test Angiogram Thrombolytics 
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ischemia 


I.C. Thrombus Angiogram 


l 
Thrombolytics 


PTCA / CABG 
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clinically unstable patients. However, after initial 
uncomplicated coronary angioplasty, the prognosis 
is excellent, with a low incidence of late mortality 
and a low occurrence of late nonfatal myocardial 
infarction (Tables I, II). The angiographic resteno- 
sis rate and recurrence of angina after an initial 
successful coronary angioplasty appear to be com- 
parable to those of patients with stable angina. 


CORONARY ANGIOPLASTY FOR EARLY 
POSTINFARCTION ANGINA 

The incidence of early postmyocardial infarc- 
tion angina during the hospitalization period is 
between 18% and 57%, depending on the patient 
population.” ” Early postinfarction angina has been 
shown to be associated with a higher incidence of 
recurrent infarction than those with a Q wave.” 
Early revascularization is indicated in these criti- 
cally ill patients to treat recurrent ischemia and to 
prevent progression to myocardial reinfarction or 
cardiac death. 

Coronary angioplasty in this setting has been 
shown to be an attractive alternative to surgical 
revascularization (Table III, Figure 2 A, B).”~* 
The initial success rate is reported to be between 
76% and 91%. However, the complications are 
definitely more frequent than with elective coro- 
nary angioplasty. Procedure-related mortality is 
reported to be 2%, complications resulting in a 
myocardial infarction occurred in up to 8%, and 
acute surgery was required in up to 12% of the 
patients. 

After an initial successful coronary angioplasty, 
the prognosis appears excellent with a low late 
mortality rate and a low incidence of reinfarction. 
The recurrence rate of angina appears to be 
comparable to the rate in patients with stable 
angina. 


CORONARY ANGIOPLASTY OF ONLY THE 
CULPRIT LESION IN PATIENTS WITH UNSTABLE 
ANGINA AND MULTIVESSEL DISEASE 

The majority of patients with unstable angina 
have multivessel disease. Successful multiple dila- 
tions in 1 angioplasty procedure have been per- 
formed with acceptable complication rates in pa- 
tients with stable angina.” However, there is less 
acceptance of and less experience with multivessel 
dilation in patients with (refractory) unstable an- 
gina. Multiple dilations in these clinically unstable 
patients may increase the risk of major complica- 
tions, and there is an established efficacy of bypass 
surgery in this population. Regional left ventricular 
wall function is often impaired with these patients 
because of chronic ischemia (hibernating myocar- 
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dium) or prolonged postischemic dysfunction 
(stunned myocardium), with silent ischemia, and 
further dilations may jeopardize additional myocar- 
dium, which could result in fatal left ventricular 
dysfunction. Also, there is the risk of perform- 
ing unnecessary dilations because of the difficulty 
in assessing the significance of any additional 
stenosis in the acute setting. 

To expand the potential use of coronary angio- 
plasty as an alternative to bypass surgery in pa- 
tients with unstable angina and multivessel disease, 
dilation of only the “culprit” lesion has been 
recommended as an initial approach to stabilize 
the patient’s condition.” In our hands, this strat- 
egy is successful in the majority of the patients. 
However, it is associated, expectedly, with a higher 
reoccurrence of angina pectoris after the proce- 
dure, which may necessitate later elective CABG 
or elective coronary angioplasty of other vessels.*** 
Angioplasty of the culprit lesion in patients with 
unstable angina and multivessel disease should be 
regarded as an initial treatment strategy in patients 
whose symptoms do not respond adequately to 
pharmacologic treatment. In most patients, this 
approach will suffice. Yet, some may require fur- 
ther dilations or even bypass surgery, albeit at less 
risk, so that this strategy does not provide definitive 
long-term treatment in all patients (Tables IV 
through VII). 


ROLE OF THROMBOLYTICS IN THE 
MANAGEMENT OF UNSTABLE ANGINA 

The findings of recent angiographic, angio- 
scopic, pathologic, and hematologic studies empha- 
size the role of plaque rupture, platelet activation, 
and thrombus formation in the pathophysiologic 
process of unstable angina.”~*' Unstable angina 
often evolves into myocardial infarction coinci- 
dently with the progression of an underlying ongo- 
ing thrombotic process. Under these circum- 
stances, conventional antianginal drugs (nitrates, B 
receptor blockers, calcium antagonists) do not 
appear to offer sufficient efficacy to prevent progres- 
sion to myocardial infarction. Antiplatelet treat- 
ment or thrombolytic treatment is expected to be 
more effective. Indeed, 2 large antiplatelet trials 
have clearly documented a later benefit from 
aspirin given in addition to conventional treatment 
in the subacute and more chronic phases of unsta- 
ble angina.” A more recent study demonstrated a 
beneficial effect of either heparin or aspirin in the 
acute phase of unstable angina.” Even so, we have 
not observed full efficacy in our hands.” 

Thrombolytic treatment may offer additional 
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benefit in certain, as yet not exactly defined, 
subgroups of patients with unstable angina” 
(Table IV). The benefit appears to be limited to 
patients with angiographic evidence of intracoro- 
nary thrombus, and the procedure appears to be 
more effective if the delay between the last attack 
of chest pain and institution of thrombolytic treat- 
ment is short. Thrombolytic treatment is definitely 
not effective in older thrombi, probably because 
organization of the thrombus renders it resistant to 
thrombolytic therapy. However, even if throm- 
bolytic treatment is effective, there appears to be a 
sustained need for definitive coronary revascular- 
ization procedures in the majority of patients." 

Recently, we evaluated the efficacy of recombi- 
nant tissue-type plasminogen activator (rt-PA) in 
the setting of refractory unstable angina. Thirty-six 
patients who had been on maximal doses of intrave- 
nous nitrates, B blockade (usually atenolol) and 
calcium antagonists (either nifedipine or dil- 
tiazem) as well as on aspirin and heparin intrave- 
nously for several days, remained symptomatic 
with, on average, 4 attacks of severe chest pain with 
ST-T wave abnormalities (Braunwald class II,c,3). 
During a 24-hour period, immediately after the 
coronary angiogram on which the decision to 
proceed with a PTCA was based, rt-PA in doses of 
90 mg (20 by bolus, followed by 30, 20, 20 mg over 
24 hours intravenously) was given in random fash- 
ion as depicted in Figure 3. A second angiogram 
immediately before the PTCA procedure allowed 
us to judge the degree to which the compound had 
been successful in reducing thrombus. The results 
are provided in Table VIII. Although clearly recog- 
nizable clot was evident in less than half of the 
cases, the hoped for thrombolytic state was not 
achieved. Further, there were more complications 


FIGURE 3. Flow diagram depicts the in- 
tervals between the qualifying attack 
leading to the decision for inclusion in 
the study. The patients were random- 
ized after the first angiogram was tech- 
nically satisfactory to recombinant tis- 
sue-type plasminogen activator (rt-PA) 
(19 patients) and placebo (17 patients). 
After the mean time interval indicated 
in the diagram a second angiogram was 
carried out, followed by percutaneous 
transluminal coronary angiography 
(PTCA). 


14h35’ 


mean time intervals 





TABLE Vill Quantitative Angiographic Data (CAAS) 


MLD (mm) DS (%) 


1.01 
0.95 
post-PTCA (3) 1.86 
Al-2 —0.06 -0.09 


After percutaneous transluminal coronary angioplasty (PTCA) no differences were 
noted in the minimal lumen diameter of 1.86 and 1.87 mm or the diameter stenosis of 
36.6% and 35.5% in the recombinant tissue-type plasminogen activator (rt-PA) and 
placebo (P) groups, respectively. CAAS = Coronary Artery Analysis System; DS = 
diameter stenosis; MLD = minimum luminal diameter, A 1 — 2 = difference during 
thrombolytic therapy period only. 


1.20 


lst angiography (1) 
2nd angiography pre-PTCA (2) 


of the procedure, among which bleeding featured 
prominently. Thus, although the numbers are small, 
they confirm other reports in the literature, which 
also fail to show consistent efficacy of rt-PA in this 
syndrome. As explained elsewhere in this supple- 
ment, it is likely that the type of clot laid down in 
successive layers in refractory unstable angina is 
made up of firm thrombocytic aggregates rather 
than the fibrin-containing thrombus seen in sudden 
total occlusion, a condition that responds best to 
rt-PA. 

Future studies should be directed toward de- 
fining subgroups of patients with unstable angina 
who will most likely benefit from thrombolytic 
therapy and toward designing therapeutic schemes 
associated with a reduced bleeding frequency. 
Biochemical markers may be useful in clinical 
practice, not only to detect activation of the clot- 
ting system and platelets and an increased risk of 
bleeding, but also to predict a prethrombotic state 
and guide success of thrombolytic treatment. Fur- 
ther studies will also be needed to establish the 
merits of additional treatment with antiplatelet 
ageregation agents, since the benefits must out- 
weigh the potentially lethal bleeding complications 


qualifying attack 
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rt-PA = recombinant technique Plasminogen Activator 


PTCA = Percutaneous Transluminal Coronary Angiography 
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that might be caused by their combination with 
other compounds. 


THROMBOLYTICS COMBINED WITH 
PERCUTANEOUS TRANSLUMINAL CORONARY 
ANGIOPLASTY FOR THE MANAGEMENT OF 
UNSTABLE ANGINA 

Pretreatment with thrombolytics may increase 
the safety of PTCA for unstable angina, since it 
may reduce the incidence of acute closure of the 
vessel, during and after PTCA." Abrupt coronary 
occlusion has been shown to occur in about 10% of 
dilations in patients with unstable angina, and it 
appears to be related to the already ongoing 
thrombotic process. Again, more definitive stud- 
ies are needed to recommend the use of thrombolyt- 
ics as a pretreatment of PTCA. 

In our institution we have used thrombolysis 
only as a “bail out” procedure to manage acute 
coronary closure presumably caused by thrombus 
formation." We remain concerned that the hemor- 
rhagic risks of thrombolytic treatment might ex- 
ceed the possible benefits in patients undergoing 
PTCA for unstable angina, particularly when one 
takes into account that in only 10% of these 
patients a major complication will occur during 
PTCA. Therefore, we adopted the policy of manag- 
ing the occurrence of acute coronary occlusion 
with initial use of emergency redilation with the 
Same size, or an oversized, balloon, sometimes 
followed by a stent. 

If redilation fails and if acute coronary occlusion 
is presumably caused by acute thrombus forma- 
tion, we treat these patients with a combination of 
repeated dilation and intracoronary streptokinase 
or rt-PA. However, if there was an extensive 
dissection, these patients were referred for acute 
surgery. The results (Table V) indicate that with 
this strategy we were able to manage acute coro- 
nary occlusion more effectively, although such 
other factors as increased operator experience, 
better x-ray equipment and advanced angioplasty 
systems may have contributed to the improved 
results. 


PROPOSED MANAGEMENT OF PATIENTS WITH 
UNSTABLE ANGINA 

Comparison of published data concerning unsta- 
ble angina is difficult because of the ongoing 
evolution in medical and surgical therapy and 
because of the heterogeneity of patients described 
as having “unstable angina.” Recent reports have 
indicated that with the current improvements in 
medical therapy (which include maximal tolerated 
doses of nitrates, B blockers, and calcium antago- 
nists, as well as aspirin or heparin) the in-hospital 
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incidence of myocardial infarction has decreased 


to less than 15%, with a mortality rate lower than 
5 % 20-92104-109 


However, these reports also indicate that medi- 
cally treated patients with unstable angina are 
likely to have subsequent refractory anginal symp- 
toms, with more than one third of such patients 
requiring revascularization within 6 months (Table 
VI). 

The latest improvements in surgical technique 
and myocardial preservation have certainly de- 
creased the operative mortality and the periopera- 
tive myocardial infarction rate in patients with 
unstable angina, which is now reported to be 
between 1.8% and 7.7% and 1% and 16.7%, 
respectively (Table VII).'°"”’ In our hands these 
figures have declined to +1% for mortality and 
<5% for myocardial infarction. 

Surgery for postinfarction unstable angina 
(within 30 days) has an operative mortality rate 
ranging from 0 to 16% and a perioperative myocar- 
dial infarction rate of 0 to 15%."'*'” The results 
obtained by acute surgery and angioplasty cannot 
be compared directly because patients who un- 
dergo angioplasty are a selected group with predom- 
inantly single-vessel disease and preserved left 
ventricular function, whereas those patients se- 
lected for surgery tend to have 3-vessel disease, left 
main stem disease, and compromised left ventricu- 
lar function, all factors known to influence progno- 
sis adversely. 

In the management of unstable angina it has 
now become standard practice to initiate treatment 
with complete and stepwise increases in pharmaco- 
logic agents and to proceed to revascularization 
(PTCA or surgery) early on if no adequate re- 
sponse follows within 24-48 hours. Surgery should 
be reserved for 2 subsets of patients: those with 
life-threatening coronary anatomy (i.e., significant 
left main disease, significant 3-vessel disease) and 
those with a depressed ejection fraction. Angio- 
plasty should be reserved for patients with suitable 
coronary anatomy (i.e., single-vessel disease or 
suitable culprit lesion in multivessel disease) and 
those with preserved left ventricular function. 

In summary, up to date randomized studies 
aimed at establishing the merits of current pharma- 
cologic treatment, current bypass surgery, and 
coronary angioplasty in the management of pa- 
tients with the various categories of unstable an- 
gina are lacking. Until further information, such as 
from the ongoing Third Thrombolysis in Myocar- 
dial Infarction (TIMI-IT1) trial, becomes available, 
we propose the following practical approach. This 
approach is based on the history of unstable 
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TABLE IX Optimal Pharmacologic Treatment for Patients with 
Unstable Angina 


Bed rest (coronary care unit) and sedation 
Treatment of precipitating factors 
(anemia, hypertension, tachycardia) 
Anticoagulant (heparin) and/or antiplatelet treatment (aspirin) 
Stepwise intensification, with individual tailoring of a pharmacologic 
regiment, including adequate administration of 
è Beta-adrenergic blockade to achieve a resting pulse of < 60 beats/ 
min 
è Calcium antagonists and nitroglycerin (long acting or intravenous) 
to optimize preload (pulmonary capillary wedge pressure <14 mm 
Hg) and afterload (systolic aortic pressure < 110 mm Hg) 


angina, the time interval between the last attack of 
chest pain and the response to therapy, the pres- 
ence of electrocardiographic changes of ST seg- 
ment and T wave, the timely response to pharmaco- 
logic treatment and the coronary anatomy and left 
ventricular function. 

Patients with unstable angina should initially 
receive prompt management with stepwise intensi- 
fication of pharmacologic therapy in an attempt to 
achieve stability (Table IX). This is usually effec- 
tive in the majority. Early angiography and revascu- 
larization with coronary angioplasty or bypass sur- 
gery are indicated if this approach fails and ischemic 
episodes continue despite “maximum” medical 
management. The interval of watchful waiting 
should not exceed 48 hours if symptoms persist.'”’ 

Coronary angioplasty is indicated if a stenosis, 
technically suitable for dilation, is found to be 
responsible for the unstable state. The decision in 
favor of coronary angioplasty in patients with 
single-vessel disease is easy to make. Patients with 
left main stem disease or severe multivessel disease 
should primarily be scheduled for bypass surgery. 
In the presence of other multivessel disease, uncer- 
tainty remains. However, in selected patients with 
multivessel disease, one might prefer dilation of 
the ischemia-related vessel “the culprit vessel” 
only, rather than total revascularization by multi- 
ple dilations or bypass surgery, since this can be 
performed faster and thus shorten the hospital 
stay.” Thrombolytic treatment in the manage- 
ment of patients with unstable angina is indicated 
in selected cases only. 
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integration of Anticoagulation, Thrombolysis 
and Coronary Angioplasty for Unstable 
Angina Pectoris 


Eric J. Topol, MD 


Unstable angina pectoris remains a challenging 


acute ischemic syndrome to treat despite recent 
randomized trials that confirm the benefit of in- 
travenous heparin. Coronary angioplasty, which 
is often required to treat the underlying arterial 
lesion, is adversely affected by the presence of 
thrombus with at least a 2-fold increase in abrupt 
closure. Four studies with heparin treatment 
prior to angioplasty indicate a reduction of 
abrupt vessel closure from 8—33% to 0—6% with 
apparent reduction of morbidity; no controlled 
trials are thus far available for heparin pretreat- 
ment. Another therapeutic alternative, throm- 
bolytic therapy, has had quite equivocal results 
with several negative small studies. When angio- 
plasty has been performed with thrombolytic 
therapy, a nonfibrin-specific plasminogen activa- 
tor appears to be preferable. Newer studies that 
focus on thrombin inhibitors that bind to clot- 
bound thrombin and potent antiplatelet agents 
are in the early phase of clinical investigation. 
This review offers current recommendations for 
the integration of heparin, thrombolysis, and cor- 
onary angioplasty for unstable angina pectoris. 
(Am J Cardiol 1991;68:136B-—141B) 
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substantial proportion of patients with un- 
Ae angina pectoris undergo coronary 
rteriography and are found to have a 
critical stenosis of a major epicardial segment. 
Patients with suitable coronary anatomy are fre- 
quently considered for angioplasty, but the adjunc- 
tive therapeutic regimen, in particular including 
anticoagulation and thrombolysis, is uncertain. In » 
this article, recent data from angioplasty studies 
that have used heparin anticoagulation or throm- 
bolytic therapy or both will be reviewed. 


RISK OF THROMBUS AND ABRUPT CLOSURE 
DURING ANGIOPLASTY 

Although often present in the clinical setting of 
unstable angina pectoris, coronary artery thrombus 
represents a major deterrent to successful angio- 
plasty. Studies from the Mayo Clinic,’* Emory 
University,’ and the National Heart, Lung and 
Blood Institute’ (NHLBI) have indicated that the 
risk of abrupt closure during or soon ( < 24 hours) 
after angioplasty is 2-9 times that for patients with 
intracoronary thrombus compared with patients 
lacking evidence of angiographic filling defects 
(Table I). The consequences of periprocedural 
abrupt vessel closure are serious. In the NHLBI 
Registry,’ of the 122 patients who experienced 
abrupt closure, there was a 5% in-hospital mortal- 
ity and a 40% frequency of emergency coronary 
artery bypass surgery and myocardial infarction. 
With abrupt closure, the odds ratio of death, 
myocardial infarction, or emergency bypass sur- 
gery was 7-19. Similarly, Lincoff and colleagues’ of 
the University of Michigan studied 100 patients 
who had abrupt closure and demonstrated via 
hierarchal analysis that 60 either died, had myocar- 
dial infarction (Q-wave or non-Q-wave) or under- 
went emergency coronary bypass surgery. Thus, 
coronary artery thrombus markedly predisposes to 
a complicated angioplasty procedure and the result- 
ant sequelae with respect to potential mortality 
and morbidity are important. The close relation 
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TABLE I| Abrupt Closure Risk During Coronary Angioplasty 


No. No 
Patients Thrombus Thrombus 


238 
297 
451 
1857 


Reference 


Mabin et al’ 
Sugrue et al? 
Ellis et al? 
Cowley et al 


between thrombus in unstable angina and adverse 
clinical events was recently emphasized by Free- 
man et al’ (Figure 1). 

The explanation for this observed high risk is 
likely related to the underlying arterial wall and 
luminal pathophysiology. In most patients with 
unstable angina pectoris, plaque fissuring has intro- 
duced the clinical event, thrombus is frequently 
present and there is further evidence for increased 
dynamic vascular tone and platelet hyperaggrega- 
bility.’ Balloon coronary angioplasty in this setting 
is likely to exacerbate the situation by inducing 
further plaque and arterial wall injury, and directly 
or indirectly promoting platelet aggregation and 
propagation of intraluminal or intramural throm- 
bus. In order to facilitate the safety and success of 
coronary angioplasty, it is likely that methods that 
stabilize such involved coronary artery segments, 
by either reducing the burden of thrombus or 
vessel wall reactivity to balloon compression, will 
be necessary. In order to prevent adverse clinical 
outcomes and improve results of coronary angio- 
plasty, anticoagulation with heparin and throm- 
bolytic therapy with various fibrinolytic agents have 
been studied. 


N Present 
N = 32 


E Absent 
N = 46 


FIGURE 1. Relations of coronary artery thrombus to out- 
comes in patients with unstable angina pectoris. PTCA/ 
CABG = percutaneous transluminal coronary angioplasty/ 
coronary artery bypass graft. (Data from Circulation.’) 











TABLE Il Factorial Design Studies of Intravenous Heparin and 


Oral Aspirin for Unstable Angina 


Risk Reduction at 
5 Days for Death and MI 


No. Heparin 
Patients With Aspirin 


Heparin 


Reference Without Aspirin 


479 
794 


Théroux et al® 
RISK? 





HEPARIN TRIALS FOR UNSTABLE ANGINA: 
CLINICAL EVENTS 

Two recent placebo-controlled trials*” have ad- 
dressed the use of intravenous heparin, with or 
without aspirin, in unstable angina (Table II). In 
these trials, patients at baseline received conven- 
tional doses of B blockers, calcium antagonists, and 
nitrates. Théroux and colleagues from Montreal” 
used a 5-day composite end point of death, myocar- 
dial infarction, or refractory angina. Refractory 
angina was defined as “chest pain with ischemic 
ST-T changes occurring despite full medical ther- 
apy that included at least an infusion of nitroglyc- 
erin plus a B blocker or calcium antagonist, or the 
need for an urgent intervention (intraaortic bal- 
loon counterpulsation, coronary angiography, coro- 
nary angioplasty, or bypass surgery).”” Of note, in 
19 of 240 (8%) patients assigned to heparin there 
was rebound of ischemia within 48 hours after its 
discontinuation. In this trial, intravenous heparin 
with or without aspirin markedly reduced the 
frequency of the composite negative end point. 

The RISK trial conducted in 8 hospitals in 
Sweden had a similar study design, except used 
only death and myocardial infarction as the end 
points, thereby requiring a larger sample size. In 
addition, patients were followed for 90 days and 
angiography was only performed for refractory 
angina. The dose of aspirin was 75 mg instead of 
325 mg twice daily as used in the Montreal study. 
As shown in Table II, the risk reduction for 
heparin without aspirin at 5 days was much less 
impressive in RISK, but there was remarkable 
concordance in the benefit of combined heparin 
and aspirin therapy (0.12 and 0.14 odds ratio, 
respectively, compared with placebo).*” 

A third randomized trial conducted by Neri 
Serneri and associates’ at the University of Flo- 
rence again confirmed the benefit of continuous 
intravenous heparin infusion. Using frequency and 
duration of ischemia by ST-segment monitoring, 
patients with refractory angina had a superior 
response to heparin infusion compared with either 
intermittent boluses of heparin or tissue plasmino- 
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gen activator. Collectively, these 3 recent random- 
ized trials strongly support the use of intravenous 
heparin in patients with unstable angina, be it 
either to reduce adverse clinical events or the 
surrogate index, ST-segment monitoring. 


HEPARIN STUDIES FOR UNSTABLE 
ANGINA—PERCUTANEOUS TRANSLUMINAL 
CORONARY ANGIOPLASTY EVENTS 

Although definitive trials exist for assessment of 
heparin using clinical outcomes, the interaction 
between heparin therapy and angioplasty results is 
much less characterized. There have been 6 recent 
studies of prolonged heparinization for patients 
with unstable angina or coronary artery thrombus 
or both."*”° Of these, 4 were specifically addressing 
the role of heparin in decreasing the complications 
of angioplasty (Table III). These studies” demon- 
strated that abrupt vessel closure may be markedly 
reduced by 3-6 days of heparin pretreatment, 
because the frequency was 0-6% compared with 
8-33%, respectively. Major complications were 
correspondingly reduced in patients receiving pro- 
longed heparin. However, none of the studies was 
randomized and although baseline characteristics 
and concomitant medications were fairly similar, 
no controlled trial data are yet available. It remains 
possible, for example, that patients given heparin 
represented a lower risk subgroup. 

In corroboration of these findings, Douglas and 
coworkers” administered intravenous heparin for 
7 days to 24 patients with large intraluminal filling 
defects and found that 62% at repeat angiography 
had complete or near complete resolution, and 
partial resolution occurred in 21%. In contrast, 
Kantounis et al gave heparin for >2 days to 28 
patients with unstable angina and presumed coro- 
nary artery thrombus and had less favorable re- 
sults. Despite heparin and aspirin therapy, 43% of 
these patients had subsequent ischemic chest pain. 
From these studies, it may be concluded that 
prolonged heparin therapy has had some encourag- 


ing results for promoting safety of PTCA and that 
the strategy deserves further investigation. 


STUDIES OF THROMBOLYSIS IN UNSTABLE 
ANGINA—CLINICAL EVENTS AND 
ANGIOGRAPHIC END POINTS 

Recent reviews have collated the data from 
several small consecutive series or randomized 
studies of thrombolytic therapy for unstable an- 
gina.'’’* In aggregate, the results have been quite 
mixed, in part dependent on the acuity level of 
unstable angina, the concomitant medical therapy 
(e.g., use of aspirin) and the end point of angiogra- 
phy versus clinical outcomes. In 2 randomized 
studies of tissue plasminogen activator (t-PA) con- 
ducted at the University of Michigan (Table IV), 
several points are noteworthy. Nicklas and col- 
leagues” showed no significant quantitative angio- 
graphic improvement for t-PA and heparin versus 
placebo and heparin-treated patients even though 
the ischemic pacing threshold was improved for the 
subgroup of patients with angiographic evidence of 
thrombus. Of particular mention are 3 of 20 (15%) 
patients in this trial of serial angiography who no 
longer had a significant stenosis 24 hours after 
t-PA, heparin and aspirin.” This finding suggests 
that in at least a few patients the predominant 
stenotic process may actually be thrombus with the 
possibility of its dissolution or partial resolution 
using an appropriate pharmacologic regimen. Un- 
fortunately, it is not yet possible to predict which 
patients, if any, would have such a substantial 
response to thrombolysis and whether it is possible 
to achieve the same effect using antithrombin 
therapy. 

In a second t-PA study by Williams et al” there 
was no angiographic or clinical benefit provided by 
t-PA compared with heparin. Similarly random- 
ized studies with t-PA,® urokinase,” or anis- 
treplase” have been negative. However, none of 
these trials were large enough to be definitive and 
without such a trial this important controversy 


TABLE Ill Studies of Heparin Infusion Effect on Coronary Angioplasty in Patients with Unstable Angina Pectoris or Coronary Artery 
Thrombus 


No. Patients 
Heparin/No 
Heparin 


Duration 
Heparin 
(days) 


Abrupt Vessel 
Closure 


Major 


Reference Complication* 





Hettleman et al?! 188 3 days 62/126 1.6% vs 10.3% Ovs 14% 

Laskey et al’? 53 6 days 35/18 5.7% VS 33% NR 

Pow et al! 110 4 days 41/69 Ovs 10% 5vs 14% 

Lukas et al?‘ 304 5.7 days 135/169 1.5 vs 8.3% NR | 


*Combination of death, myocardial infarction or emergency coronary bypass surgery. 
NR = not reported 
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Thrombolytic 


References No. Therapy 








Nicklas et al!®:2° t-PA: 150 mg/8 hr 


Williams et al#!* 67 t-PA: 0.75 mg/1 hror 100 


mg/5 hr 


ASA = aspirin; IV = intravenous; t-PA = tissue type plasminogen activator. 


cannot be resolved. It is hoped that forthcoming 
data from the Third Thrombolysis in Myocardial 
Infarction (TIMI III) trial in thousands of patients 
will answer the question of whether thrombolysis is 
. efficacious in unstable angina. 


STUDIES OF THROMBOLYSIS IN UNSTABLE 
ANGINA—INTERACTION WITH PERCUTANEOUS 
TRANSLUMINAL CORONARY ANGIOPLASTY 

There are conflicting data regarding the use of 
thrombolytic therapy to improve the safety of 
angioplasty or treat abrupt vessel closure. From a 
small randomized trial, Topol et al” reported that 
thrombolytic pretreatment may enhance safety in 
that none of 8 patients receiving t-PA had compli- 
cations, whereas 3 of 11 placebo patients experi- 
enced abrupt closure and 2 of these patients 
required emergency bypass surgery. More recent 
data from the Thoraxcenter in a larger sample of 
patients refutes this finding.” Ambrose and cowork- 
- ers at Mt. Sinai Hospital in New York City have 
initiated a randomized trial of pretreatment with 
intravenous urokinase to address this issue. 

With respect to pretreatment, the choice of 
thrombolytic agent may indeed be an important 
one. Although all of the thrombolytic agents have 
been shown to augment platelet aggregation,” the 
benefit of hypofibrinogenemia and attendant fibrin- 
(ogen) degradation products with nonspecific acti- 
vators may favorably affect coronary angioplasty 
outcome. High titers of fibrin(ogen) degradation 
products have been shown to facilitate infarct 
vessel patency after thrombolysis and increase the 
likelihood of sustained patency after emergency 
angioplasty.””° Thus, the interpretation of studies 
in this area may be substantially influenced by the 
thrombolytic agent and dose utilized. 

There have been several reports on adjunctive 
use of thrombolytic therapy during angioplasty” 





TABLE IV University of Michigan Randomized Double Blind, Placebo-Controlled Studies of Thrombolysis in Unstable Angina 


IV Heparin/ASA 


Given in treatment and placebo 


Given in treatment and placebo 


*Performed in collaboration with Brown University, Rhode Island Hospital, Baylor University and Duke University. 









Major Finding 











No improvement in quantitative 
angiographic outcome or clini- 
cal events for t-PA versus pla- 
cebo. An improved ischemic 
pacing threshold was found in 
patients with intraluminal fill- 
ing defects receiving t-PA 

No improvement of quantitative 

angiographic of clinical out- 

comes with either dose of 
t-PA compared with placebo 






groups 










groups 



















with varying success. At the Thoraxcenter, compar- 
ison of consecutive case series of 200 patients 
undergoing PTCA before and after use of intracor- 
onary streptokinase as an adjunct indicated im- 
proved success and less serious complications in 
the latter experience. This benefit may not have 
resulted from adjunctive use of thrombolysis per 
se, but also from improved angioplasty systems, 
experience, or better x-ray equipment. Data from 
Lincoff and coworkers at University of Michigan‘ 
suggest that intracoronary or intravenous throm- 
bolytic therapy is unreliable and generally unhelp- 
ful for treatment of abrupt closure. However, 
Buchbinder and associates have found that intra- 
coronary urokinase may be useful in managing 
abrupt closure and unstable angina.” Clearly, there 
are no randomized, controlled data to resolve this 
important management question. When abrupt 
closure occurs in the setting of unstable angina, it is 
frequently believed to represent occlusive throm- 
bus. Without angioscopy or direct confirmation of 
the occlusive lesion, it is possible that dissection 
plays a role and thereby may explain failure of 
thrombolysis. 


IMPLICATIONS OF ACUTE MYOCARDIAL 
INFARCTION—IMMEDIATE PERCUTANEOUS 
TRANSLUMINAL CORONARY ANGIOPLASTY 
TRIALS 

There is some degree of homology between 
successful thrombolysis of acute myocardial infarc- 
tion and presentation of unstable angina. In both 
situations, the coronary artery has some endolumi- 
nal fibrin and enhanced platelet aggregability. 
Underlying these arteries are plaque fissure events. 
The 3 trials of immediate coronary angioplasty 
after successful thrombolysis all showed a higher 
rate of adverse clinical events for acute versus 
deferred (or no) angioplasty.” Not only was 
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FIGURE 2. Algorithm for pilot, controlled trial of hirudin in 
unstable angina. Angio = angiography; ECG = electrocar- 
diographic; Rx = therapy. 


abrupt closure more common, but also there was 
an increased requirement for emergency bypass 
surgery and a trend of increased mortality. This 
observation may also be related to PTCA in unsta- 
ble angina pectoris. Although feasible,” ” it may 
be best to defer the procedure until there has been 
resolution of the plaque fissure and secondary 
platelet and fibrin pathway excitation. Data from 
Myler and coworkers” (Table V) support the 
safety of deferred PTCA in the setting of unstable 
angina. 


RECOMMENDATIONS AND FUTURE 
DIRECTIONS 

From this review, it is apparent that there are 
many unsettled therapeutic issues. In particular, 
the optimal use of heparin, with or without throm- 
bolysis, has not been definitively addressed. How- 
ever, with PTCA several uncontrolled studies 


TABLE 5 Relation of Percutaneous Transluminal Coronary 
Angiography Complications to Timing of Procedure after Unstable 
Angina Presentation 


<1 Week 1—2 Weeks 2—4 Weeks 
No. 

Q wave MI 

Emergency CABG 


Follow-up mortality* 


*p <0.05 for < 1 week compared with 2 to 4 weeks. 
tMean of 37 months. 
CABG = coronary artery bypass 


Data adapted from Ale ll ae ee 





strongly support >3 days of pretreatment with 
intravenous heparin. The data for thrombolysis 
and PTCA in unstable angina are more equivocal, 
for there have been mixed results for both prepro- 
cedural and intraprocedural therapy. With the 
available studies, it appears prudent to recommend 
aspirin and intravenous heparin for at least 2-3 
days before coronary angioplasty. For patients who 
have true refractory ischemia to this regimen 
coupled with full doses of antiischemic medica- 
tions, thrombolysis may be useful, especially if 
there is angiographic confirmation of intraluminal 
filling defects. If PTCA is to be done at or near the 
time of thrombolytic administration, a nonspecific 
plasminogen activator (streptokinase, urokinase, 
or antistreplase) appears preferable to relatively 
fibrin-specific agents as extrapolated from studies 
of intervention for acute myocardial infarction. 

Future studies will focus on more rigorous 
testing of thrombolysis, new thrombin inhibitors 
and more potent antiplatelet agents. In a new 
multicenter pilot trial, we are investigating the 
efficacy of hirudin versus heparin in the setting. As 
shown in Figure 2, patients will undergo paired 
coronary angiography to determine whether hiru- 
din, which unlike heparin, has the capacity to 
inhibit clot-bound thrombin, will improve clinical 
stability and the affected coronary artery caliber. 
Despite our current pharmacologic armamente- 
rium, there are significant “breakthrough” anginal 
symptoms and refractory problems with angio- 
plasty in patients with unstable angina pectoris. 
Newer classes of therapeutics will, it is hoped, take 
us a major step forward in the tractability of this 
acute ischemic syndrome. 
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Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You’ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 


others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 


Pharmaceutical 
Manufacturers 


Association 


IF A NEW MEDICINE CAN HELP, 
WE’RE WORKING ON IT. 
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Incremental Prognostic Accuracy of Clinical, Radionuclide and 
Hemodynamic Data in Acute Myocardial Infarction 

Brian P. Griffin, Prediman K. Shah, George A. Diamond, Daniel S. 
Berman, and John G. Ferguson 


The incremental value of the stepwise addition of more expensive and 
invasive tests was compared with clinical data in determining late outcome 
in 107 patients with Q-wave acute myocardial infarction. All patients were 
evaluated clinically, with radionuclide ventriculography, and with invasive 
hemodynamic monitoring within 48 hours of admission. Incremental 
prognostic information was quantified using logistic regression and receiv- 
er-operating characteristic curve analysis. Cardiac mortality was 24% at | 
year. Simple clinical data were 78 + 5% accurate in predicting l-year 
survival. Prognostic accuracy increased significantly with the addition of a 
noninvasive estimation of left ventricular ejection fraction or of invasive 
hemodynamic data to the clinical data. Once the clinical and invasive data 
were available, left ventricular ejection fraction added no further signifi- 
cant increment in prognostic accuracy. In contrast, invasive data provided 
a significant increment in prognostic information even when clinical and 
noninvasive data were already available. 
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Effects of Early Captopril Administration on Infarct Expansion, 
Left Ventricular Remodeling and Exercise Capacity After 
Acute Myocardial Infarction 

Keith G. Oldroyd, Maurice P. Pye, Simon G. Ray, James Christie, lan 
Ford, Stuart M. Cobbe, and Henry J. Dargie 


In a double-blind study, 99 patients (82 men, aged 40 to 75 years) with 
acute myocardial infarction (AMI) were randomly assigned to receive 
captopril or placebo. Treatment began within 24 hours of admission. 
Increase in anterior segment length, from baseline to 2 months, was 
significantly less in the captopril than in the placebo group (2.8 + 1.6 vs 
10.4 + 2.4 mm, 95% confidence interval [CI] —13.5 to —1.7, p = 0.01) 
and fewer patients in the captopril group demonstrated increases in seg- 
ment length >2 standard deviations of the measurement error (14 of 70 
[20%] vs 29 of 72 [40%] patients, p = 0.009). In patients with anterior 
AMI, the infarcted segment length increased by 4.5 + 2.3 mm in the 
captopril versus 12.4 + 3.1 mm in the placebo group (95% CI —15.7 to 
—0.2, p = 0.046) and fewer patients in the captopril group demonstrated 
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infarct expansion (6 of 20 [30%] vs 13 of 21 [62%] patients, p = 0.04). In 
patients with inferoposterior AMI, the infarcted segment length increased 
by 3.1 + 1.6 mm in the captopril versus 9.8 + 2.4 mm in the placebo 
group (95% CI —13.3 to —0.1, p = 0.046). 
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Impaired Response of Atrial Natriuretic Factor to Blood 
Volume Expansion in Acute Right Ventricular Infarction 
Antonio Serra, Wladimir Jimenez, Marc Ribas, Xavier Bosch, Carlos Paré, 
Francisca Rivera, and Ginés Sanz, with the technical assistance of Pepita 
Moya and Isabel Muñoz 


The response of atrial natriuretic factor (ANF) release to volume loading 
was analyzed in a series of 30 patients with inferior wall acute myocardial 
infarction, 15 of whom presented with right ventricular (RV) infarction. 
Baseline right atrial pressure and plasma ANF levels were higher in 
patients with RV infarction. However, plasma ANF increased only 63% 
after acute volume overload compared with 455% in those without RV 
infarction. Thus, the present study supports the concept of an altered 
response of ANF release to blood volume expansion in patients with 
inferior wall acute myocardial infarction complicated by RV infarction. 


725 
Beat-to-Beat Electrocardiographic Morphology Variation in 
Healed Myocardial Infarction 

Shlomo A. Ben-Haim, Bruno Becker, Yeouda Edoute, Mira Kochanovski, 
Orly Azaria, Elieser Kaplinsky, and Yoram Palti 





Subtle beat-to-beat electrocardiographic (ECG) morphologic variations 
at different phases of the ECG complex were measured with high-fidelity 
ECG amplifiers. Patients with healed infarction had a significantly lower 
relative variance at the QRS offset than age-matched healthy control 
subjects. In the high-frequency band, patients with healed infarction had a 
significantly higher relative variance than control subjects at QRS onset. 
A model based on the numerous minor conduction abnormalities that exist 
in the chronically ischemic myocardium is presented to explain the 
changes in variance at the onset and offset of the QRS. 


729 
Significance of Silent Myocardial Ischemia During Exercise 
Testing in Patients with Diabetes Mellitus: A Report from the 
Coronary Artery Surgery Study (CASS) Registry 

Donald A. Weiner, Thomas J. Ryan, Lori Parsons, Lloyd D. Fisher, 
Bernard R. Chaitman, L. Thomas Sheffield, and Felix E. Tristani 





The significance of silent myocardial ischemia during exercise testing was 
evaluated in 113 diabetic patients and compared with that of 1,321 nondi- 
abetic patients from the Coronary Artery Surgery Study registry. The 6- 
year survival among patients with silent ischemia was worse in diabetic 
than in nondiabetic patients (59 vs 82%, respectively). Among diabetic 
patients, survival at 6 years with medical treatment was 59% for the 45 
patients with silent ischemia, 66% for the 37 patients with symptomatic 


“\ ischemia and 93% for the 31 patients without ischemia (p = 0.008). 
Survival at 6 years was enhanced by coronary artery bypass graft surgery 
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compared with medical treatment among diabetic patients with silent 
ischemia, 3-vessel coronary artery disease, and either preserved left ven- 
tricular function (85 vs 52%, respectively, p = 0.080) or impaired left 
ventricular function (100 vs 32%, respectively, p = 0.015). Thus, among 
patients with diabetes and coronary artery disease, silent ischemia ad- 
versely affects survival; and coronary artery bypass graft surgery improves 
the survival of diabetic patients with silent ischemia and 3-vessel coronary 
artery disease. 


FAD AVR Bel Sen a a ee WROTE ate a mae RIN et Ff. 0) it ea 
Asymptomatic Myocardial Ischemia During Percutaneous | 
Transluminal Coronary Angioplasty and Importance of Prior 

Q-Wave Infarction and Diabetes Mellitus 

Bradley G. Titus and C. Todd Sherman 


Of 88 consecutive patients undergoing percutaneous transluminal coro- 
nary angioplasty (PTCA), 32 were asymptomatic during all balloon infla- 
tions and 56 had angina during at least | inflation. The 2 study groups 
were matched for demographics, severity of coronary disease, clinical 
syndrome, medical regimen and amount of ischemia produced during the 
procedure. Prior infarction and diabetes significantly correlated with si- 
lent ischemia. Collateral circulation, strongly associated with lack of 
symptoms during PTCA, ameliorated ischemia rather than causing silent 
ischemia. During 2-artery PTCA, patients without angina during dilation 
of only 1 of the arteries had previous infarction in that territory; patients 
without symptoms during dilation of both arteries were often diabetic. 
Asymptomatic ischemia occurs frequently during PTCA in patients with 
symptomatic coronary disease. Previous infarction and diabetes are im- 
portant, independent factors associated with silent ischemia. Infarction 
may produce a localized dysfunction of cardiac pain fibers, whereas diabe- 
tes may cause a global cardiac sensory neuropathy. 
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Efficacy and Safety of Intravenous and Oral Propafenone in 
Pediatric Cardiac Dysrhythmias 

Annette Reimer, Thomas Paul, and Hans-Carlo Kallfelz 


Propafenone was administered in 58 patients with a mean age of 3.2 years. 
In 36 patients, propafenone was intravenously administered (mean dose 
1.2 (0.3 to 1.5) mg/kg body weight), 37 patients had oral treatment 
(mean oral maintenance dose 308 (200 to 600) mg/m? body surface area). 
In patients with reentry supraventricular tachycardia, propafenone was 
effective in approximately 2 of 3 of the patients. In atrial flutter, the 
response was poor. In supraventricular tachycardia due to abnormal auto- 
maticity, efficacy of propafenone was high. Systemic side effects were 
rare. Two patients developed a proarrhythmia. One patient with ventricu- 
lar ectopy after repair of tetralogy of Fallot died suddenly during propa- 
fenone maintenance therapy. 
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Complex Ventricular Ectopic Activity in Patients <20 Years of 
Age With or Without Syncope, and the Role of Ventricular 
Extrastimulus Testing 

Mohamed A. Seliem, D. Woodrow Benson, Jr., Janette F. Strasburger, 
and C. Elise Duffy 


To assess the potential for ventricular tachycardia (VT), ventricular ex- 
trastimulus testing was performed in 33 young patients (mean age 11 
years ) with complex ventricular ectopic activity. Patients were divided into 
2 groups based on the presence (14 patients) or absence (19 patients) of 
syncope. Ventricular stimulation protocol consisted of burst pacing and | 
to 4 extrastimuli decreasing to refractoriness, at 3 drive-train cycle 
lengths, and 2 pacing sites (right ventricular apex and outflow tract) 
during drug-free base state and during isoproterenol infusion. VT of >30 
seconds or requiring cardioversion was induced in 13 of 14 patients (93%) 
with syncope, and in 9 of 19 patients without syncope (p <0.05). These 
findings suggest that VT may be the cause of syncope in such patients. - 


751 

Quantitative Analysis of Signal-Averaged P Waves in 
Idiopathic Paroxysmal Atrial Fibrillation 

Peter J. Stafford, lan Turner, and Richard Vincent 


High-gain, signal-averaged recordings of the surface P wave were record- 
ed from 9 patients with documented paroxysmal atrial fibrillation but 
without overt cardiac disease and from 15 control subjects. Significant 
increases in high-frequency activity and spatial velocities were observed in 
the study compared with the control group. Overall P-wave duration was 
also increased. The observed differences between the study and control 
groups suggest important abnormalities in atrial activation in paroxysmal 
atrial fibrillation. 


TOG RO hate MEST Oe ES Pee MeN) Ba ets PR reece ae 
Diagnostic Accuracy of Exercise Thallium-201 Single-Photon 
Emission Computed Tomography in Patients with Left Bundle 
Branch Block 

George Larcos, Raymond J. Gibbons, and Manuel L. Brown 


Eighty-three patients with left bundle branch block who underwent both 
coronary angiography and thallium-201 single-photon emission computed 
tomography were retrospectively reviewed in order to determine whether 
perfusion defects in the apex or anterior wall are more specific markers 
than the septum for left anterior descending artery stenosis. Thallium-201 
images were analyzed using both qualitative and quantitative methods. A 
fixed or reversible defect in the apex by qualitative assessment was the best 
criterion by receiver-operator characteristic analysis for left anterior de- 
scending artery disease. However, although highly sensitive, this parame- 
ter was neither specific nor accurate. Criteria based on either the anterior 
wall or septum were also of limited diagnostic accuracy. Thus, modified 
interpretative schemes for thallium-201 scintigraphy are not clinically 
useful in patients with left bundle branch block. 
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Midventricular Obstruction Associated with Chronic Systemic 
Hypertension and Severe Left Ventricular Hypertrophy 

Michael R. Harrison, C. Gary Grigsby, Stephen K. Souther, Mikel D. 
Smith, and Anthony N. DeMaria 


This study describes the clinical and echocardiographic findings of 10 
consecutive patients with severe concentric left ventricular (LV ) hypertro- 
phy and the unusual finding of a dynamic systolic obstruction located in 
the midportion of the left ventricle. In each case, a well-defined, high- 
velocity, turbulent jet was identified by color Doppler flow imaging and 
subsequently confirmed with conventional Doppler techniques. It is con- 
cluded that obstruction to systolic flow can occur at the mid-LV level 
without involvement of the mitral valve in some patients with severe 
concentric LV hypertrophy, that systolic function appears to be impaired 
by this obstruction and is associated with a high prevalence of syncope or 
severe presyncope, and that avoidance of medication known to lower LV 
volume may prevent subsequent symptoms. 


CARDIOMYOPATHY 


Os ns TS ig a else eee 
Adrenergic Hypersensitivity After Beta-Blocker Withdrawal in 

Hypertrophic Cardiomyopathy 

David M. Gilligan, Wan L. Chan, Ralph Stewart, and Celia M. Oakley, with 

the technical assistance of Shirley Krikler and Jayshree Joshi 


To establish the occurrence and significance of adrenergic hypersensitivity 
after withdrawal of long-term 6 blockade in hypertrophic cardiomyopa- 
thy, 7 patients were studied while receiving 6 blockers and on days 2, 4, 6, 
8 and 21 after abrupt withdrawal. Transient 6)-adrenergic hypersensitivi- 
ty to isoprenaline occurred and was associated with an overshoot increase 
in heart rates at rest and during exercise, an increase in 24-hour ventricu- 
lar ectopic count, a change in mitral inflow pattern and development of 
outflow tract gradients at rest in 2 of 3 patients with inducible gradients. 
All patients experienced a marked deterioration in symptoms and a num- 
ber of clinical events occurred. Transient 6-adrenergic hypersensitivity 
occurs after 6-blocker withdrawal in hypertrophic cardiomyopathy and is 
associated with significant physiologic changes and adverse clinical conse- 
quences. 
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Echocardiographic Determination of Aortic and Pulmonary 
Valve Areas in Subjects with Normal Hearts 

Howard P. Gutgesell and Margaret French 


Two-dimensional and Doppler echocardiography were performed to esti- 
mate aortic and pulmonary valve areas by the continuity equation in 70 
children and adolescents with normal hearts. Valve areas were linearly 
related to body surface area (r = 0.88 and 0.80 for aortic and pulmonary 
valves, respectively). Mean aortic and pulmonary valve area indexes were 
1.33 and 1.70 cm? /mm?, respectively. Valve areas increased approximate- 
ly 0.5 cm? for each 0.4-m2 increase in body surface area. The data provide 
normal values for aortic and pulmonary valve areas, and validate the 
practice of indexing valve areas for body surface area. 
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Circadian Variation and Influence of Risk Factors on Heart 

Rate Variability in Healthy Subjects 

Henning Mglgaard, Keld E. Sgrensen, and Preben Bjerregaard 


Twenty-four hour heart rate (HR) variability was determined in 140 
healthy subjects aged 40 to 77 years, by standard deviation and percentage 
of successive interval differences >6% — an index of parasympathetic 
activity. Lowest recorded 24-hour standard deviation was 68 ms and 
values were not influenced by age, whereas parasympathetic activity fig- 
ures decreased by increasing age. Hourly values of standard deviation 
decreased during the night, whereas figures for parasympathetic activity 
increased and peaked at early morning. Physically trained subjects had 
profoundly higher standard deviation and parasympathetic activity val- 
ues, whereas smokers had lower HR variability. The influence of physical 
training level on HR variability may be valuable for modification of 
cardiac autonomic activity. 
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Sudden Death During Ambulatory Electrocardiographic 
Monitoring 

Carl J. Pepine, Joel Morganroth, John T. McDonald, and 

Sidney O. Gottlieb 
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Prevalence of Non-Q-Wave Acute Myocardial Infarction with 
Total Angiographic Occlusion of the Left Circumflex Coronary 
Artery Within Eight Weeks of Infarction 

Joel S. Landzberg and W. Barton Campbell 
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INDICATIONS AND USAGE: EMINASE* ANISTREP- 
LASE, is indicated for use n the management 

of acute myocardial infarction (AMI) in adults, 
for the lysis of thrombi obstructing coronary 

arteries, the reduction of infarct size, the im- 
provement of ventricular function following 

AMI, and the reduction of mortality associated 

with AMI. Treatment should be initiated as soon 

as possible after the onset of AMI symptoms 

(see CLINICAL PHARMACOLOGY). 


CONTRAINDICATIONS: Because thrombolytic ther- 

apy increases the risk of bleeding, EMINASE® 
is contraindicated in the following situations: ® active internal bleeding = history of cerebrovascular accident m 
recent (within 2 months) intracranial or intraspinal surgery or trauma (see WARNINGS) = intracranial neoplasm, 
arteriovenous malformation, or aneurysm ® known bleeding diathesis = severe, uncontrolled hypertension. EMINASE® 
should not be administered to patients having experienced severe allergic reactions to either this product or Streptokinase. 
WARNINGS: Bleeding: (See ADVERSE REACTIONS) The most common complication associated with EMINASE® therapy is 
bleeding. The types of bleeding associated with thrombolytic therapy can be divided into two broad categories: 
1. Internal bleeding involving the gastrointestinal tract, genitourinary tract, retroperitoneal, ocular, or intracranial sites. 
2. Superficial or surface bleeding, observed mainly at invaded or disturbed sites (e.g., venous cutdowns, arterial 
punctures, sites of recent surgical intervention). The concomitant use of heparin anticoagulation may contribute to 
the bleeding. Some of the hemorrhagic episodes occurred one or more days after the effects of EMINASE® had 
dissipated, but while heparin therapy was continuing. As fibrin is lysed during EMINASE® therapy, bleeding from 
recent puncture sites may occur. Therefore, thrombolytic therapy requires careful attention to all potential bleeding 
-sites (including catheter insertion sites, arterial and venous puncture sites, cutdown sites, and needle puncture sites). 
Intramuscular injections and nonessential handling of the patient should be avoided during treatment with 
EMINASE®.-Venipunctures should be performed carefully and only as required, Should an arterial puncture be 
necessary following administration of EMINASE® it is preferable to use an upper-extremity vessel that is accessible 
to manual compression. A pressure dressing should be applied, and the puncture site should be checked frequently 
for evidence of bleeding. Each patient being considered for therapy with EMINASE® should be sarefully evaluated 
and anticipated benefits should be weighed against potential risks associated with therapy. In “he following condi- 
tions, the risks of EMINASE® therapy may be increased and should be weighed against the anticipated benefits: 
m recent (within 10 days) major surgery (e.g., coronary artery bypass graft, obstetrical delivery, organ biopsy, 
previous puncture of non-compressible vessels) ™ cerebrovascular disease = recent gastrointestinal or genito- 
urinary bleeding (within 10 days) = recent trauma (within 10 days) including cardiopulmonary resuscitation = hyper- 
tension: systolic BP >180 mmHg and/or diastolic BP >110 mmHg = high likelihood of left heart thrombus (e.g., mitral 
stenosis with atrial fibrillation) = subacute bacterial endocarditis = acute pericarditis = hemostatic defects including 
those secondary to severe hepatic or renal disease ® pregnancy = age >75 years (Use of EMINASE® in patients 
over 75 years old has not been adequately studied.) = diabetic hemorrhagic retinopathy or other hemorrhagic 
ophthalmic conditions ™ septic thrombophlebitis or occluded AV cannula at seriously infected site = patients 
currently receiving oral anticoagulants (e.g., warfarin sodium) = any other condition in which bleeding constitutes 
a significant hazard or would be particularly difficult to manage because of its location. 


Arrhythmias: Coronary thrombolysis may result in arrhythmias associated with reperfusion. These arrhythmias 
(such as sinus bradycardia, accelerated idioventricular rhythm, ventricular premature depolarizations, ventricular 
tachycardia) are not different from those often seen in the ordinary course of acute myocardial infarction and may 
be managed with standard antiarrhythmic measures. It is recommended that antiarrhythmic therapy for bradycardia 
and/or ventricular irritability be available when injections of EMINASE® are administered. 


Hypotension: Hypotension, sometimes severe, not secondary to bleeding or anaphylaxis, has occasionally been 
observed soon after intravenous EMINASE® administration. Patients should be monitored cosely and, should 
symptomatic or alarming hypotension occur, appropriate symptomatic treatment should be administered. 


PRECAUTIONS: General; Standard management of myocardial infarction should be implemented concomitantly with 
EMINASE® treatment. Invasive procedures should be minimized (see WARNINGS). Anaphylactoid reactions have rarely 
been reported in patients who received EMINASE*. Accordingly, adequate treatment provisions such as epinephrine 
should be available for immediate use. 


Readministration: Because of the increased likelihood of resistance due to antistreptokinase antibody, EMINASE® may 
not be as effective if administered more than 5 days after prior EMINASE® or Streptokinase therapy or streptococcal 
infection, particularly between 5 days and 6 months. Increased antistreptokinase antibody levels between 5 days 
and 6 months after EMINASE® or Streptokinase administration may also increase the risk of allergic reactions. 
Repeated administration of EMINASE® within one week of the initial dose has occurred in a small number of patients 
treated for AMI and non-AMI conditions. The incidence of hematomas/bruising was somewhat greater in those 
patients who received repeat doses of EMINASE* but otherwise the adverse event profile was similar to those who 
received one dose. 


Laboratory Tests: Intravenous administration of EMINASE® will cause marked decreases in plasminogen and fibrinogen 
and increases in thrombin time (TT), activated partial thromboplastin time (APTT), and prothrombin time (PT). 
Results of coagulation tests and/or measures of fibrinolytic activity performed during EMINASE® therapy may be 
unreliable unless specific precautions are taken to prevent in vitro artifacts. EMINASE®, when present in blood in 
pharmacologic concentrations, remains active under in vitro conditions. This can lead to degracation of fibrinogen 
in blood samples removed for analysis. Collection of blood samples in the presence of aprotinin (2000 to 3000 
KIU/mL) can, to some extent, mitigate this phenomenon. 


Drug Interactions: The interaction of EMINASE® with other cardioactive drugs has not been studied. In addition to 
bleeding associated with heparin and vitamin K antagonists, drugs that alter platelet function (such as aspirin and 
dipyridamole) may increase the risk of bleeding if administered prior to EMINASE® therapy. 


Use of Anticoagulants: EMINASE® alone or in combination with antiplatelet agents and anticoagulants may cause 
bleeding complications. Therefore, careful monitoring is advised, especially at arterial puncture sites. In clinical 
studies, a majority of patients treated received anticoagulant therapy postdosing with EMINASE® during their hospital 
stay and a minority received heparin pretreatment with EMINASE® The use of antiplatelet agents increased the inci- 
dence of bleeding events similarly in patients treated with EMINASE® or nonthrombolytic therapy. There was no 
evidence of a synergistic effect of combined EMINASE® and antiplatelet agents on bleeding events. In addition, 
there was no difference in the incidence of hemorrhagic CVA's in EMINASE* treated patients who did or did not 
receive aspirin. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have not been performed to evaluate 


the carcinogenic potential or the effect on fertility. Studies to determine mutagenicity and chromosomal aberration 
assays in human lymphocytes were negative at all concentrations tested. 


EMINASE' 





ANISTREPLASE EEIN 


(Category C): Animal reproduction studies have not been conducted with EMINASE®. It is also not known 
whether EMINASE® can cause fetal harm when administered to a pregnant woman or can affect reproduction 
Capacity. EMINASE® should be given to a pregnant woman only if clearly needed. 


Nursing Mothers: It is not known whether EMINASE® is excreted in human milk. Because many drugs are excreted 
in human milk, the physician should decide whether the patient should discontinue nursing or not receive EMINASE* 


Pediatric Use: Safety and effectiveness of EMINASE® in children have not been established. 


ADVERSE REACTIONS: Bleeding: The incidence of bleeding (major or minor) varied widely from study to study and may 
depend on the use of arterial catheterization and other invasive procedures, patient population, and/or concomitant 
therapy. The overall incidence of bleeding in patients treated with EMINASE® in clinical trials (n=5275) was 14.6%, 
with nonpuncture-site bleeding occurring in 10.2%, and puncture-site bleeding occurring in 5.7%, of these patients. 
Bleeding at the puncture site occurred more frequently in clinical trials in which the patients underwent immediate 
coronary catheterization (13.3%, n=637) compared with those who did not (3.0%, n=2023). The incidence of 
presumed intracranial bleeding within 7 days postdosing with EMINASE® was 0.57% (n=5275; 0.34% etiology 
confirmed hemorrhagic; 0.23% etiology not confirmed) compared to 0.16% (n=1249) after nonthrombolytic therapy. 
In the AIMS trial the overall incidence of bleeding in patients treated with EMINASE® was 14.8% compared with 
3.8% for placebo. The incidence of specific bleeding events was: 


EMINASE® Placebo 
Type of Bleeding (n=500) (n=501) 
Puncture site 46% <1% 
Nonpuncture site hematoma 2.8% <1% 
Hematuria/Genitourinary 2.4% <1% 
Hemoptysis 2.2% <1% 
Gastrointestinal hemorrhage 2.0% 14% 
Intracranial 1.0% <1% 
Gum/Mouth Hemorrhage 1.0% 0 
Epistaxis <1% <1% 
Anemia <1% <1% 
Eye Hemorrhage <1% <1% 
Hemorrhage (unspecified) <1% 0 


In this study there was no difference between EMINASE® and placebo in the incidence of major bleeding events. 
Should serious bleeding (not controlled by local pressure) occur in a critical location (intracranial, gastrointestinal, 
retroperitoneal, pericardial), any concomitant heparin should be terminated immediately and the administration of 
protamine to reverse heparinization should be considered. If necessary, the bleeding tendency can be reversed with 
appropriate replacement therapy. Minor bleeding can be anticipated mainly at invaded or disturbed sites. If such 
bleeding occurs, local measures should be taken to control the bleeding (see WARNINGS). 


Cardiovascular: The most frequently reported adverse experiences in EMINASE® clinical trials (n=5275) were 
arrhythmia/conduction disorders which were reported in 38% of patients treated with EMINASE® and 46% of 
nonthrombolytic control patients. Hypotension occurred in 10.4% of patients treated with EMINASE® compared to 
7.9% for patients who received nonthrombolytic treatment (see WARNINGS). 


Allergic-type Reactions: Anaphylactic and anaphylactoid reactions have been observed rarely (0.2%) in patients 
treated with EMINASE® and are similar in incidence to Streptokinase (0.1% anaphylactic shock in one study). 
These included symptoms such as bronchospasm or angioedema. Other milder or delayed effects such as urticaria, 
itching, flushing, rashes, and eosinophilia have been occasionally observed. A delayed purpuric rash appearing 
one to two weeks after treatment has been reported in 0.3% of patients. The rash may also be associated with 
arthralgia, ankle edema, gastrointestinal symptoms, mild hematuria, and mild proteinuria. This syndrome was 
self-limiting and without long-term sequelae. 


Risk of Viral Transmission: Six batches of EMINASE® (five different batches of Lys-Plasminogen) were used in clinical 

trials designed specifically to monitor possible hepatitis non-A, non-B transmission. No case of hepatitis was 

diagnosed in patients receiving EMINASE*. Lys-Plasminogen is derived from human plasma obtained from FDA 

approved sources and tested for absence of viral contamination, including human immunodeficiency virus type=1 

(HIV-1) and hepatitis B surface antigen. The manufacturing process includes a vapor-heat treatment step for inaeti- 
vation of viruses. The entire manufacturing process has also been validated to yield a cumulative reduction of 

>10” fold HIV-1 infectious particles, i.e., >10° infectious particles removed by vapor-heat treatment and a cumu- 
lative total of >10 ' infectious particles removed by the various steps in the purification process. 


Causal Relationship Unknown: Since the following experiences may also be associated with AMI or other therapy, the 
causal relationship to EMINASE® administration is unknown. The following adverse experiences were infrequently 
(<10%) reported in clinical trials: Body as a Whole—chills, fever, headache, shock; Cardiovascular—cardiac rupture, 
chest pain, emboli; Dermatology—purpura, sweating; Gastrointestinal—nausea and/or vomiting; Hemic and Lymphatic— 
thrombocytopenia; Metabolic and Nutritional—elevated transaminase levels; Musculoskeletal—arthralgia; Nervous— 
agitation, dizziness, paresthesia, tremor, vertigo; Respiratory—dyspnea, lung edema. 


DOSAGE AND ADMINISTRATION: Administer EMINASE® as soon as possible after the onset of symptoms. The recommended 
dose is 30 units of EMINASE® administered only by intravenous injection over 2 to 5 minutes into an intravenous 
line or vein. 


Reconstitution: 1. Slowly add 5 mL of Sterile Water for Injection, U.S.P,, by directing the stream of fluid against the 
side of the vial. 2. Gently roll the vial, mixing the dry powder and fluid. Do not shake. Try to minimize foaming, 3. The 
reconstituted preparation is a colorless to pale yellow transparent solution. Before administration, the product should 
be visually inspected for particulate matter and discoloration. 4. Withdraw the entire contents of the vial. 5. The 
reconstituted solution should not be further diluted before administration or added to any infusion fluids. No other 
medications should be added to the vial or syringe containing EMINASE®. 6. If EMINASE® is not administered within 
30 minutes of reconstitution, it should be discarded. 


HOW SUPPLIED: EMINASE® is supplied as a sterile, lyophilized powder in 30-unit vials. NDC 57294-030-20. 


Storage: Store lyophilized EMINASE® between 2-8°C (36-46°F). Do not use beyond the expiration date printed 
on the vial. 
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Incremental Prognostic Accuracy of Clinical, 
Radionuclide and Hemodynamic Data in Acute 
Myocardial Infarction 


Brian P. Griffin, MD, Prediman K. Shah, MD, George A. Diamond, MD, Daniel S. Berman, MD, 
and John G. Ferguson, MD 





A logical sequence of testing in evaluating prog- 
nosis early in acute myocardial infarction (AMI) 
would be to use clinical data first, then add non- 
invasive data and finally add invasive data. The 
incremental prognostic information concerning 
1-year survival obtained from such a sequence in 
107 patients with AMI was studied using logistic 
regression and receiver-operating characteristic 
curves. Cardiac mortality was 24% at 1 year. 
Clinical data obtained soon after admission (prior 
myocardial infarction, heart rate, blood pres- 
sure, age) were 78 + 5% accurate in the predic- 
tion of 1-year survival. The addition of radionu- 
clide-estimated left ventricular ejection fraction 
or invasive hemodynamic data to the clinical 
model at this time improved prognostic accuracy 
to 84 + 5% (p = 0.05) and 87 + 4% (p = 
0.007), respectively. The further addition of in- 
vasive data to the model containing clinical and 
left ventricular ejection fraction data provided a 
further increment in prognostic accuracy to 89 + 
4%, whereas no significant increase in accuracy 
was seen on addition of left ventricular ejection 
fraction to the model containing clinical and inva- 
sive data. It is concluded that clinical data pro- 
vide important prognostic information concern- 
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ing late survival early in the course of AMI. This 

may be improved by the logical application of 

noninvasive and invasive studies at this time. 
(Am J Cardiol 1991;68:707-712) 


which have the potential to modify outcome!.? 
but have an associated risk,>:+ are used increas- 
ingly in AMI. The rational application of such thera- 
pies requires an assessment of the likely outcome in the 
absence of intervention. Thus, determination of progno- 
sis early in the course of AMI is increasingly important. 
Clinical variables have been used for many years>~? to 
assess prognosis as have noninvasive data such as radio- 
nuclide left ventricular ejection fraction!!? and inva- 
sive measures of left ventricular function obtained from 
pulmonary artery catheterization. !3-!5 
A rational, cost-effective, prognostic strategy would 
use readily available clinical data first, and would add 
noninvasive and invasive test data only if they add an 
increment of prognostic information to that already 
available from clinical data. We sought to determine 
the incremental value of alternative testing strategies 
based on combinations of clinical, noninvasive and inva- 
sive variables known to have univariate prognostic val- 
ue, and to thereby define an optimal strategy for prog- 
nostic classification early in the course of AMI. The 
goal of our study was to assess the incremental dis- 
criminant power of alternative testing strategies rather 
than to assess the accuracy of quantitative predictions 
derived from the use of these strategies. 


T herapeutic interventions such as thrombolysis, 


METHODS 

Study patients: To determine likely outcome in the 
absence of therapeutic intervention, we studied a con- 
secutive series of patients with Q-wave AMI prospec- 
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TABLE I Clinical Characteristics of Patients 


All Survivors Nonsurvivors p Value 


No. of pts. 107 81 26 
Age (years) 64 42:32" > 87 £13 16212 
Men/women 75/32 58/23 17/9 
Killip class (III/IV) 13 (12%) 9(11%) 4(17%) 
MI location 
Anterior 
Inferior 
Combined 
Prior MI 
HR (beats/min) 
Mean BP (mm Hg) 


62 (58%) 
39 (36%) 
6 (5%) 
15 (14%) 
85+ 21 
93 +19 


47 (58%) 
30 (37%) 
4 (5%) 
7 (9%) 
82 + 21 
95 + 19 


15 (58%) 
9 (35%) 
2 (7%) 
8 (31%) 

92 + 19 

87 + 18 


BP = blood pressure; HR = heart rate; MI = myocardial infarction; NS = not 
significant. 


tively evaluated in the prethrombolytic era with both 
invasive hemodynamic monitoring and radionuclide 
ventriculography. All patients admitted to the coronary 
care unit with AMI were asked to undergo both forms 
of testing regardless of clinical status. The present study 
consists of 107 patients who underwent both forms of 
testing performed within 48 hours of onset of symp- 
toms. Patients with a history of valvular heart disease 
or congenital heart disease were excluded. The diagno- 
sis of Q-wave AMI was based on standard electrocar- 
diographic and cardiac enzyme criteria. Patients with 
conduction abnormalities such as left bundle branch 
block that precluded electrocardiographic diagnosis of 
Q-wave infarction were also excluded. All patients were 
followed for a year, the end point recorded being cardi- 
ac mortality. Cause of death was ascertained from hos- 
pital records, primary care physicians or from the death 
certificate. 

Clinical data: Simple clinical variables that are of 
reported prognostic value in AMI were recorded. These 
included age, sex, Killip class on admission, electrocar- 
diographic site of infarction, history of prior infarction, 
heart rate and mean arterial pressure at the time of 
hemodynamic evaluation. The clinical evaluation was 
performed by one of the investigators (PKS) and was 
stored on a computer data base for subsequent retrieval 
and analysis. 

Radionuclide ventriculography: Left ventricular 
ejection fraction was determined in all patients using 
multiple-gated equilibrium radionuclide ventriculog- 
raphy. The technique used is described in detail else- 
where.!© Left ventricular ejection fraction was the only 
noninvasive variable included in the analysis. 

Pulmonary artery catheterization: All hemodynam- 
ic data were determined with the patient in the supine 
position. Pulmonary capillary wedge pressure was de- 
termined with a balloon-tipped flow-directed triple-lu- 
men Swan-Ganz catheter. Cardiac output was deter- 
mined by thermodilution. Stroke work index and 
systemic vascular resistance were determined using 
standard formulas. No patient was receiving cardioac- 








tive medication other than lidocaine and morphine at 
the time of the hemodynamic measurements. Wedge 
pressure, cardiac index, stroke work index, and system- 
ic vascular resistance comprised the hemodynamic data 
included in the analysis. 

Discriminant accuracy of prognostic information: 
Logistic regression analysis was used to estimate the 
probability of a cardiac death at 1 year based on vari- 
ous combinations of input using the standard enter and 
remove criteria of the BMDP LR statistical program. !7 
Three steps were taken. First, a model containing clini- 
cal data alone was developed (step 1). Then, either the 
hemodynamic variables or left ventricular ejection frac- 
tion were added to the clinical model (step 2). Finally, 
both the hemodynamic variables and left ventricular 
ejection fraction were added to the clinical model (step 
3). Each of these models was used to define the predict- 
ed probability of death for individual patients. 

Receiver-operating characteristic curves were devel- 
oped for each of the models based on these probabilities 
using methods described by Hanley and McNeil.!8-2° 
For each logistic model, a continuous curve was con- 
structed from the true and false positive rates for all 
possible thresholds of the event probability.2!:22 The dis- 
criminant accuracy of each logistic model was quanti- 
fied in terms of the area under these curves. The differ- 
ence in area between different models represented the 
increment in prognostic power. A more detailed expla- 
nation of the theory and application of this method is 
presented in the Appendix. 

Statistics: Data are expressed as mean + | stan- 
dard deviation. Statistical comparisons of receiver-oper- 
ating characteristic areas were performed using the 
method of Hanley and McNeil.!’ Fisher’s exact test 
was used to compare proportional differences between 
groups. A p value <0.05 was chosen to indicate statisti- 
cal significance. 


RESULTS 

The baseline characteristics of the 107 patients are 
detailed in Table I. Mean age of the patients was 64 + 
12 years, and 75 (70%) were men. Most patients 
(88%) were in Killip class 1 or 2 at the time of admis- 
sion; 52% had had an anterior infarct. Fourteen percent 
of the patients had had a prior myocardial infarction. 

Survival: Twenty-six (24%) patients died within 1 
year of admission for AMI. All deaths were cardiac- 
related. Of the clinical variables, prior myocardial 
infarction and heart rate were the only significant uni- 
variate predictors of survival (Table I). All of the he- 
modynamic variables studied were strong univariate 
predictors of survival (Table II). 

Prognostic models (Table lil): The initial prognostic 
model (step 1) consisted of 4 clinical variables alone 
(age, prior infarction, heart rate and mean blood pres- 
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sure). Two intermediate prognostic models were de- 
fined. The first of these models (step 2A) added left 
ventricular stroke work index (the only hemodynamic 
variable with information additional to that contained 
in the clinical variables using logistic regression). The 
second of these models (step 2B) added left ventricular 
ejection fraction to the 4 clinical variables. The com- 
plete prognostic model (step 3) consisted of the 4 clin- 
ical variables, left ventricular ejection fraction and 
stroke work index. 

incremental accuracy of the models: The incremen- 
tal discriminant accuracy of the 4 prediction models is 
summarized in Figure 1. The discriminant accuracy of 
the initial model based on the clinical data alone was 78 
+ 5%. At step 2A, on addition of left ventricular stroke 
work index, a significant improvement in accuracy was 
seen to 87 + 4% (p = 0.007). Similarly, at step 2B, on 
addition of left ventricular ejection fraction, accuracy 
improved to 84 + 5% (p = 0.05). When left ventricular 


step 1 Step 2 


Clinical + 
Invasive 
(87+4%) 


p=ns 


bin 
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Clinical + 


EVER + 
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(89+4%) 
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+ LVEF eee 
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(78+5%) 


eg et 


p = 0.05 





FIGURE 1. The discriminant accuracy (in parentheses) and 
incremental prognostic value of successive logistic regression 
models based on clinical, radionuclide (left ventricular ejection 
fraction [LVEF]) and invasive hemodynamic data in the deter- 
mination of 1-year survival in acute myocardial infarction. ns 
= not significant. 
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| - SPECIFICITY 


FIGURE 2. Receiver-operating characteristic curves for the 
sequence of logistic regression models based on clinical data 
(step 1), in which invasive hemodynamic data (step 2A) are 
first added, followed by radionuclide data (step 3). 








TABLE ff Radionuclide and Hemodynamic Characteristics 
of Patients 


Non- 


Survivors survivors p Value 


No. of pts. 26 
LVEF (%) 

CI (L/min/m2) 
SWI (g/m2) 
PCWP (mm Hg) À 
SVP (s * cm~8) 1,725 + 589 1,623 + 489 2,047 + 819 0.001 


26+ 12 0.0001 
1.9 + 0.6 0.0001 


Cl = cardiac index; LVEF = left ventricular ejection fraction; PCWP = pulmonary 
capillary wedge pressure; SVR = systemic vascular resistance; SWI = stroke work 
index. 


TABLE Ill Logistic Regression Model 


Steps Data 


Clinical Prior MI, HR, Age, BP 
Clinical + invasive 

Clinical + radionuclide 

Clinical + radionuclide + invasive 


Step 1 + SWI 
Step 1 + LVEF 
Step 2A + LVEF 
Step 2B + SWI 


Invasive = data obtained from pulmonary artery catheterization. 
Abbreviations as in Tables | and ll. 





ejection fraction was added to the clinical data and 
stroke work index, a small but nonsignificant increment 
in accuracy from 87 + 4 to 89 + 4% accrued. In con- 
trast, when stroke work index was added to the clinical 
data and left ventricular ejection fraction, a significant 
(p = 0.04) increment in accuracy from 84 + 5 to 89 + 
4% occurred. The increment in prognostic information 
obtained from hemodynamic data was seen over a wid- 
er range of the receiver-operating characteristic curve 
than that provided by left ventricular ejection fraction 
(Figures 2 and 3). 


DISCUSSION 
Early in the course of AMI, we have shown that 
readily available clinical observations provide significant 


bd CLINICAL 
RADIONUCLIDE 
HEMODYNAMIC 


SENSITIVITY 
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FIGURE 3. Receiver-operating characteristic curves for the 
sequence of logistic regression models based on clinical data 
(step 1), in which radionuclide data (step 2B) are first added, 
followed by invasive hemodynamic data (step 3). 
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information about late survival, and that both left ven- 
tricular ejection fraction and stroke work index add 
prognostic information to the clinical observations. 
Moreover, stroke work index provided an increment of 
prognostic information to the clinical data and left ven- 
tricular ejection fraction. In contrast, left ventricular 
ejection fraction added little additional prognostic infor- 
mation once the clinical data and stroke work index 
were known. 

Prior studies have indicated that left ventricular 
ejection fraction is an important prognostic variable in 
coronary disease.73-*° It has also been shown that the 
prognostic accuracy of left ventricular ejection fraction 
is affected by the goal of testing,”! and by the preva- 
lence of disease in the population being tested.** Fur- 
thermore, whereas left ventricular ejection fraction is 
statistically powerful across groups of patients,*’° it 
has been shown to be imprecise in determining progno- 
sis in an individual patient.?:74 

A variety of clinical observations are of established 
value in determining outcome early in the course of 
AMI. Simple clinical factors such as age, electrocardio- 
graphic localization of infarction, and history of myo- 
cardial ischemia have been included in prognostic in- 


ROC AREA (%) 
09 
© 


6 9 
RELATIVE CHARGE 


FIGURE 4. Relation between the cost and effectiveness of 
prognostic models. Cost is represented on the x axis as the 
relative monetary charge (the monetary charge for the infor- 
mation contained in each model divided by the monetary 
charge for the clinical information alone). Effectiveness is rep- 
resented on the y axis as the discriminant accuracy of the 
model (mean receiver-operating characteristic [ROC] area + 1 
standard deviation). The point most to the left is for the clini- 
cal information alone. The second point from the left is for the 
clinical data plus left ventricular ejection fraction. The third 
point from the jeft is for the clinical data plus stroke work in- 
dex. The point most to the right is for the clinical data plus 
stroke work index plus left ventricular ejection fraction. Aster- 
isks indicate a statistically significant increase in discriminant 
accuracy. Thus, left ventricular ejection fraction provides less 
prognostic information than stroke work, but stroke work 
costs substantially more. 





dexes.*© These indexes proved capable of discriminat- 
ing groups with relatively high and low early mortality. 
More recently, Hillis et al? reported that simple clini- 
cal factors before the infusion of thrombolytic therapy 
can evaluate risk for mortality within 6 weeks of admis- 
sion. In studies of late survival in patients discharged 
from the hospital, a number of studies have shown that 
clinical data obtained on admission are predictive of 1- 
year survival.®30 Similarly, in the present study, using 
logistic regression analysis, a model using 4 clinical 
variables obtained close to admission—prior infarction, 
age, heart rate and mean blood pressure—was 78 + 
5% accurate in determining l-year outcome. 

Residual left ventricular function is a major deter- 
minant of survival after AMI.?!-32 In this study, clinical 
variables that reflect the presence of left ventricular 
dysfunction such as prior myocardial infarction, heart 
rate and blood pressure were included in the logistic 
regression model that was predictive of late outcome. 
Additional prognostic information was gained by add- 
ing left ventricular ejection fraction or stroke work in- 
dex to the clinical variables. It is likely that this incre- 
mental prognostic information reflects more accurate 
delineation of left ventricular function by left ventricu- 
lar ejection fraction or stroke work index than is possi- 
ble with simple clinical variables alone. 

Other studies have indicated the ability of left ven- 
tricular ejection fraction!®-!* and invasive hemodynam- 
ic data!?-14 to determine prognosis early in the course of 
AMI. Both noninvasive and invasive hemodynamic 
data have also been reported to improve on the prog- 
nostic ability of clinical data in AMI.*:!3 However, the 
increment in prognostic accuracy reported in those 
studies concerned early mortality or referred to patients 
discharged alive from the coronary care unit, whereas 
late mortality in all patients was examined in the pres- 
ent study. 

Our study indicates that invasive stroke work index 
adds an increment of prognostic information to clinical 
data and left ventricular ejection fraction, whereas left 
ventricular ejection fraction adds little further informa- 
tion once the clinical and invasive hemodynamic data 
are known. The relative prognostic importance of inva- 
sive hemodynamic data and left ventricular ejection 
fraction early in AMI has not been addressed by oth- 
ers. However, in patients with heart failure, invasive 
data have been reported to be superior to left ventricu- 
lar ejection fraction in determining 1-year survival.33 

Clinical implications: We have shown that simple 
clinical variables provide a significant amount of prog- 
nostic information early in AMI. These variables have 
the advantage of being inexpensive, an important con- 
sideration in this era of cost-containment, and should 
thus form the basis for prognostic testing. The relation 
between the cost and the effectiveness of our predictive 
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models is summarized in Figure 4. Because the average 
mortality among postinfarction patients 1s well under 
50%, the accuracy of predictive modeling tends to 
be higher for low-risk than for high-risk groups.*’:8 
Therefore, patients at low risk by clinical assessment 
(e.g., young patients with no prior infarction, manifest- 
ing a normal heart rate and mean blood pressure) can 
be spared the expense and discomfort of additional in- 
vasive and noninvasive evaluation. 

In the remaining patients who are not at low risk 
after clinical evaluation, left ventricular ejection frac- 
tion and stroke work index both provide incremental 
prognostic information to that obtained from clinical 
data. Patients with obvious hemodynamic compro- 
mise often undergo pulmonary artery catheterization to 
guide their management. In this group of patients, our 
study supports the use of stroke work index, rather than 
left ventricular ejection fraction, as an additional im- 
portant index of prognosis. 

In patients who are not at low risk after clinical 
evaluation and who do not undergo pulmonary artery 
catheterization, left ventricular ejection fraction can 
serve as an additional important index of prognosis. Al- 
though stroke work index is slightly more accurate, the 
monetary cost of pulmonary artery catheterization is 
substantially greater than that of noninvasive testing. 
Finally, our study suggests that if pulmonary artery 
catheterization is performed in patients who have al- 
ready undergone noninvasive testing, stroke work index 
provides an increment of prognostic information to that 
already provided by left ventricular ejection fraction. 

Potential study limitations: The cohort of patients 
studied all had Q-wave AMI, were investigated in the 
prethrombolytic era and had a substantial mortality at 
| year. The findings with regard to sequential testing 
using clinical, noninvasive and invasive variables may 
not necessarily pertain to patient management in the 
current era of early intervention. However, our findings 
do provide pertinent information concerning the ability 
of these variables to determine likely outcome in the 
absence of intervention. This is of importance in assess- 
ing the risk-benefit ratio of therapeutic interventions 
early in AMI. 

The goal of our study was to assess the incremental 
discriminant power of alternative testing strategies, and 
not the accuracy of quantitative predictions derived 
from the use of these strategies. Because our logistic 
models were developed only to meet this explanatory 
goal, and not to meet the goal of prediction,?+ we 
elected neither to perform a prospective validation, nor 
to report the parameters of our models. 

Conclusions: We have shown that a rational se- 
quence of diagnostic testing based on simple clinical in- 
formation obtained early in AMI is associated with in- 
cremental prognostic information at each step of test- 








ing. Our findings suggest that clinical data first be used 
to stratify risk early in AMI and that further expensive 
and invasive diagnostic procedures be performed only if 
the resultant information is considered clinically indi- 
cated for patient management. 
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APPENDIX 
We used the 8 function to model the distribution of 
our logistic probabilities: 


F = J B@x|p) ap 


where p is the logistic probability, t is some threshold 
value of this probability, and n and r are defined in terms 





of the mean (u) and standard deviation (ø) of p in the 
subgroup with or without coronary events: n = a(l- 
u/u?) andr = un. The threshold t represents a categori- 
cal cutoff for classifying individual probabilities as “‘posi- 
tive” (p 2t) and negative (p <t). For any value of t, 
therefore, the calculated value of F represents the true 
positive rate (or sensitivity ) of t when n and r are based on 
a subgroup with an event, and it represents the false- 
positive rate (or l-specificity ) of t when n and r are based 
on the subgroup without an event. By iterating the value 
of t in increments of 0.01, a family of true and positive 
rates was generated and plotted as a continuous receiver- 
operating characteristic curve.*!** We computed the 
area under this curve as an index of discriminant accura- 
cy.?5 This area is equivalent to a Wilcoxon statistic, 
representing the average correct classification in a series 
of pairwise comparisons, whereby one selects a patient 
with and without an event at random, and decides who 
has the event based only on the variables included in the 
logistic model.!® A difference in area defined the incre- 
ment in discriminant accuracy between different models. 
Statistical comparisons of these areas were performed 
using the method of Hanley and McNeil. !° 

The p values refer to differences in discriminant accu- 
racy as represented by receiver-operating characteristic 
area. A receiver-operating characteristic area of 78% for 
the model based on clinical information, e.g., means that 
if a physician were given the age, history of prior infarc- 
tion, heart rate and mean blood pressure for a large 
number of pairs of patients, one of whom has died in the 
year after infarction, and the other of whom has not, he 
or she would correctly identify the one who has died for 
78% of the pairs. The standard deviation (a) of 5% 
means that the 78% average (u) derives from the equiva- 
lent of 69 such pairs, 54 of which were correctly identi- 
fied (69 = u(l-u)/u?; 54 = 69u). Accordingly, if the 
physician can do better than this using additional hemo- 
dynamic information (based on a formal statistical com- 
parison of receiver-operating characteristic areas, ex- 
pressed as u + o; p <0.05), then that additional informa- 
tion has practical clinical importance. 
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Effects of Early Captopril Administration on 
Infarct Expansion, Left Ventricular Remodeling 
and Exercise Capacity After Acute 





Myocardial Infarction 


Keith G. Oldroyd, MRCP, Maurice P. Pye, BSc, MRCP, 
Simon G. Ray, BSc, MRCP, James Christie, BSc, lan Ford, PhD, 
Stuart M. Cobbe, MD, and Henry J. Dargie, FRCP, FESC 





In a double-blind study, 99 patients (82 men, 
age range 40 to 75 years) with acute myocardial 
infarction (AMI) were randomly assigned to re- 
ceive captopril or placebo. Treatment began 
within 24 hours of admission. Serial echocardio- 
graphic measurements of endocardial segment 
lengths and left ventricular (LV) volumes, and 
ejection fractions were obtained. The 2 groups 
were matched at baseline except for an excess of 
previous AMI in the placebo group (13 of 50 vs 
2 of 49 patients, p = 0.002). The increase in an- 
terior segment length, from baseline to 2 
months, was significantly less in the captopril 
than in the placebo group (2.8 + 1.6 vs 

10.4 + 2.4mm, 95% confidence interval [CI] 
—13.5 to —1.7, p = 0.01). The increase in poste- 
rior segment length was also less in the captopril 
group, but the difference was not significant 
(3.2 + 1.2 vs 7.0 + 1.8mm, 95% CI —8.0 to 0.5, 
p = 0.08). Fewer patients in the captopril group 
demonstrated increases in segment length >2 
standard deviations of the measurement error 
(14 of 70 [20%] vs 29 of 72 [40%] patients, 

p = 0.009). In patients with anterior AMI, the in- 
farct-containing anterior segment length in- 
creased by 4.5 + 2.3 mm in the captopril versus 
12.4 + 3.1 mm in the placebo group (95% CI 
—15.7 to —0.2, p = 0.046), and fewer patients in 
the captopril group demonstrated infarct expan- 
sion (6 of 20 [30%] vs 13 of 21 [62%] patients, 
p = 0.04). In patients with inferoposterior AMI, 
the infarct-containing posterior segment length 
increased by 3.1 + 1.6 mm in the captopril ver- 
sus 9.8 + 2.4 mm in the placebo group (95% CI 
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—13.3 to —0.1, p = 0.046). No significant treat- 
ment effects were seen in LV volumes or maxi- 
mal exercise performance. This study suggests 
that early treatment with captopril after AMI can 
attenuate infarct expansion and favorably influ- 
ence early LV remodeling. 

(Am J Cardiol 1991;68:713-718) 


ate stretching and thinning of the infarcted myo- 

cardial segment. It may occur within 72 hours of 
acute coronary occlusion in humans and is the major 
cause of early left ventricular (LV) dilatation. !? Subse- 
quently, both infarcted and remote noninfarcted areas 
may undergo further remodeling over at least the first 
year after the index event.*4 These initially adaptive 
processes establish a new pressure-volume relation in 
the damaged ventricle preserving stroke volume despite 
a decreased ejection fraction. In some subjects, the re- 
sultant increase in wall stress may provoke progressive 
LV dilatation.’ These potentially maladaptive mecha- 
nisms are associated with an increased risk of LV fail- 
ure, aneurysm formation!” and rupture.®? In the rat 
coronary artery ligation model, increasing wall stress by 
aortic banding exacerbates infarct expansion,!? whereas 
reducing wall stress with captopril results in a smaller 
left ventricle!! compared with placebo. In previous 
studies investigating this latter effect in humans,!*!3 
treatment with captopril or placebo was started >1 
week after acute myocardial infarction (AMI). The re- 
nin-angiotensin-aldosterone axis was maximally activat- 
ed 72 hours after AMI,!* and this delay may have at- 
tenuated any beneficial treatment effect. This study re- 
ports the 2-month follow-up results of the effects of 
early (<24 hours) administration of captopril on LV 
remodeling after AMI. 


] nfarct expansion is characterized by disproportion- 


METHODS 

This 2-center double-blind randomized placebo-con- 
trolled study was approved by the ethical review com- 
mittees of both participating hospitals, and all patients 
gave informed written consent before entry. 
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TABLE I Clinical Characteristics of Treatment Groups at 
Baseline 


Captopril Placebo 
(n = 49) (n = 50) 














Age (years) 59 (1) 
Sex (men/women) 40/9 42/8 
Previous angina 20 28 
Previous AMI 2 13 p = 0.002 
Systemic hypertension 9 16 
Diabetes mellitus 4 3 
Cigarettes per day 11 (2) 11 (2) 
Peak creatine kinase (IU/I) 2,887 (318) 2,334 (242) 
Heart rate (beats/min) 78 (3) 83 (3) 
Systolic BP 133 (34) 131 (4) 
Diastolic BP 86 (2) 83 (2) 






Killip class 











19 








3 3 0 
Norris score 6.2 (0.2) 6.3 (0.2) 
Site 
Anterior 28 31 
Inferoposterior 21 19 
New Q waves 39 37 
Time to start of therapy 14.3 (1.0) 16.6 (0.9) 
(hours) 





Values are exact numbers or standard error of the mean. 
AMI = acute myocardial infarction; BP = blood pressure. 


Patients: Ninety-nine clinically and hemodynami- 
cally stable patients (82 men and 17 women, age range 
40 to 75 years) admitted within 24 hours of AMI were 
recruited. The electrocardiographic requirements for 
entry were ST-segment elevation of 23 mm in 2 pre- 
cordial leads V)-V4 or 2 mm in 2 frontal plane leads 
Vs-V6, or any ST elevation in 2 frontal plane leads with 
ST depression compatible with posterior wall AMI of 
23 mm in 2 precordial leads, or a combination. To 
avoid recruiting patients with small infarcts and with 
low risk of infarct expansion, we excluded those with a 
Norris score <3.5. Other exclusion criteria were systol- 
ic blood pressure <95 mm Hg on admission, history of 
significant renal or cerebrovascular disease, receiving 
or requiring angiotensin-converting enzyme inhibitors, 
contraindications to treatment with captopril and in- 
ability to give informed consent. History of AMI was 
not an exclusion criterion and patients were recruited 
without our prior knowledge of baseline LV ejection 
fraction. Patients receiving thrombolytic therapy (ad- 
mitted <6 hours after onset of cardiac pain) were ex- 
cluded. Treatment began immediately after admission 
with an initial dose of 6.25 mg. If tolerated, this was 
repeated | hour later. At 8 hours, 12.5 mg was given, 
followed by 12.5 mg 3 times daily for 24 hours before 
increasing to the target dose of 25 mg 3 times daily. If 
systolic blood pressure was persistently <85 mm Hg, 
the next scheduled dose was omitted and the subse- 
quent dose halved. If, despite dose reduction, systolic 
blood pressure remained persistently <85 mm Hg, the 
patient was withdrawn from the study. Other with- 
drawal criteria were urea >20m mol- liter! despite 





dose reduction, development of cardiac failure requiring 
the use of angiotensin-converting enzyme inhibitors, 
any condition defined previously as an exclusion criteri- 
on and severe adverse drug effects thought to be related 
to captopril. All other medications except angiotensin- 
converting enzyme inhibitors could be administered at 
the discretion of the individual physician. 

Echocardiography: [hree experienced operators ob- 
tained ultrasound data on days 1, 3 and 7, and at 1 and 
2 months after discharge. In 1 center, a Hewlett-Pack- 
ard 770200 system was used and volumes were calcu- 
lated using the method of Tortoledo et al.!> In the sec- 
ond center, an ATL Ultramark 8 imaging system was 
used and volumes were calculated from the apical 2- 
and 4-chamber views using Simpson’s rule (10 seg- 
ments).'© LV remodeling and infarct expansion were 
assessed in both centers by measuring end-diastolic an- 
terior and posterior segment lengths in the parasternal 
short-axis view at the level of the papillary muscles.! 
Patient and transducer positions were recorded during 
the initial scan and were subsequently maintained be- 
tween successive examinations. Care was taken to max- 
imize the long axes of the images chosen for analysis 
and all measurements were averaged over 3 consecutive 
cardiac cycles. The acquisition and analysis of images 
for any given patient were performed at all time points 
by the same operator. Day-to-day intraobserver vari- 
ability was determined from a random sample of 30 
patients examined twice within a 48-hour period at the 
end of the study. Each of these studies was recorded on 
a separate video tape, coded and blindly analyzed at the 
end of the study. The standard deviations (SD) of re- 
peated measurements calculated according to the meth- 
od of Bland and Altman!’ were LV end-diastolic vol- 
ume index 6.1ml + m~?, LV end-systolic volume index 
6.2ml-m~*, LV ejection fraction 3.4%, anterior seg- 
ment length 5 mm and posterior segment length 5 mm. 
A change within any individual patient >2 SD of the 
measurement error was considered significant. 

Exercise tests: Maximal symptom limited treadmill 
exercise tests were performed at 2 months using the 
Bruce protocol. 

Statistical analysis: Analyses were performed, as 
much as possible, on an intention-to-treat basis. The 
only exceptions were when there were incomplete data 
at follow-up owing to death or nonattendance. In such 
cases, all available data were analyzed. Group values 
are expressed as mean + standard error of the mean 
(SEM). All comparisons were obtained between treat- 
ments, and the prospectively determined primary time 
points of interest were baseline and 2 months. The chi- 
square or Fisher’s exact test was used for categorical 
variables and unpaired ¢ tests for continuous variables. 
The Aspin-Welch'® modification was used to protect 
against inequality of variance. 
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RESULTS 


Baseline data: There were no differences between 
the groups in any clinical variables except for an excess 
of previous AMI in the placebo group (Table I). This 
inequality was also present in the subgroups of patients 
with anterior and inferoposterior AMIs and in those 
with no previous AMI. For all other variables, these 
subgroups were matched at baseline. 

Follow-up data: Generally, heart rate and blood 
pressure were lower in the captopril group. However, 
there were no significant differences at any time point 
up to 2 months in resting heart rate or supine diastolic 
blood pressure. In the captopril group, supine systolic 
blood pressure was lower only on day | (115 +3 vs 
124 + 3 mm Hg, 95% confidence interval [CI] 1 to 17, 
p = 0.03). Diastolic blood pressure measured in the 
erect position immediately before the 2-month exercise 
test was significantly lower in the captopril group 
(73 +2 vs 79 +2 mm Hg, 95% CI 1 to 11, p = 0.03). 
The number of patients in each New York Heart Asso- 
ciation symptom class was similar at all time points. 

Drug therapy: The mean daily dose of study medi- 
cation taken at 2 months was 68+3 mg in both 
groups, and all other concomitant drug therapy, includ- 
ing diuretics, 8 blockers, calcium antagonists and ni- 
trates, was matched between treatment groups at all 
time points. 

Complications and withdrawals: After 2 months of 
follow-up, there were 8 cardiac deaths (4 sudden) in 
the captopril and 5 cardiac deaths (4 sudden) in the 
placebo group (p = not significant [NS]). In the capto- 
pril group, there were, in addition, 4 withdrawals owing 
to reinfarction (1), surgical resection of an LV aneu- 
rysm (1), cough (1) and severe noncardiac illness (1). 
No patient receiving captopril was withdrawn because 
of hypotension. In the placebo group, there were 3 


ANTERIOR SEGMENT 


FIGURE 1. Change in segment lengths in 
all patients with myocardial infarction. 
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Day 3 Day7 1 month2 month 





ASL (mm) 
PSL (mm) 


Inferoposterior AMI 


ASL (mm) 
PSL (mm) 








Captopril 
(n = 35) 


90.0 (2.7) 
58.0 (1.8) 
(n = 20) 

90.9 (4.5) 
59.0 (2.3) 
(n = 15) 

88.9 (2.8) 
56.7 (2.9) 


(n = 27) 





Placebo 
(n = 39) 


91.6 (3.0) 
59.5 (1.8) 


(n = 22) 


94.7 (4.4) 
60.5 (2.7) 
(n = 17) 
87.6 (3.6) 
58.1 (2.3) 


95% Cl 


=9'5;'6.3 
—6.6, 3.6 


—16.1,8.5 
—8.8, 5.7 


—8.2, 10.6 


—9.0, 6.1 


TABLE II Endocardial Segment Lengths for All Subjects and 
According to Infarct Site 


p 
Value 


Baseline 


ASL (mm) 
PSL (mm) 
Anterior AMI 


0.69 
0.56 


0.54 
0.67 


0.79 
0.70 


Two Months 


(n = 32) 

















ASL (mm) 93.3 (3.1) 100.4(3.2) -16.5,2.2 0.13 
PSL (mm) 61.0(2.1) 66.3(2.4) -11.7,1.1 0.10 
Anterior AMI (n=14) (n= 18) 
ASL (mm) 93.8(5.2) 104.7(4.2) -25.4,3.5 0.13 
PSL (mm) 61.0(3.3) 65.4(3.4) -13.3,4.6 0.32 
Inferoposterior AMI (n= 13) (n= 14) 
ASL (mm) 92.8 (3.4) 94.9 (4.8) -—14.3,10.0 0.72 
PSL (mm) 61.0(3.2) 67.5(3.2) -16.5,3.5 0.19 










Values are standard error of the mean. 
AMI = acute myocardial infarction; ASL = anterior segment length; Cl = 95% 
confidence intervals for the difference between means; PSL = posterior segment 
length. 






withdrawals owing to unstable angina (2) and persis- 
tent hypotension (1). 

Endocardial segment lengths: Baseline and 2-month 
data, and the number of patients with images adequate 
for analysis are listed in Table II. Segment lengths were 
well-matched at entry. After 2 months, anterior seg- 
ment length had increased significantly less in the cap- 
topril than in the placebo group (2.8 + 1.6 vs 10.4 + 
2.4 mm, 95% CI —13.5 to —1.7, p = 0.01; Figure 1). 
Posterior segment length also increased less in the cap- 
topril group, but the difference was not significant 
(3.2 +41.2 vs 7041.8 mm, 95% CI —8.0 to 0.5, 


POSTERIOR SEGMENT 


5G a o- Captopril 
—e— Placebo 





Day 3 Day7 1 month2 month 


TIME TIME 
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TABLE Ill Left Ventricular Volumes and Ejection Fraction at 
Baseline and Two Months 


Placebo 
(n = 43) 


Captopril 
(n = 39) 


p 
Value 


95% Cl 
Baseline 


EDVI (ml © m~2) 
ESVI (ml * m72) 
EF (%) 


67.7 (2.5) 
42.7 (2.2) 
37.4 (1.8) 


72.5 (2.1) 
47.3 (2.2) 
35.2 (1.8) 


aL Soe 
-10.8, 1.6 
=2.8; 7A 


0.15 
0.14 
0.38 


Two Months 
(n = 31) 
76.3 (3.2) 


(n = 36) 


82.8 (2.5) 
53.7 (2.7) 
36.0 (1.8) 


EDVI (ml © m~2) 
ESVI (mi * m-2) 46.4 (3.1) 
EF (%) 40.4 (2.0) 
lama are standard error of the mean. 


| = 95% confidence intervals for the difference between means; EDVI = end- 
diastolic volume index; EF = ejection fraction; ESVI = end-systolic volume index. 


—14.6, 1.7 
15.6, 2.3 
—0;9, 9.8 


0.12 
0.09 
0.10 


p = 0.08). There was a trend toward shorter mean an- 
terior and posterior segment lengths in the captopril 
group (Table II). Fewer patients taking captopril had 
significant increases in either segment length (14 of 70 
[20%] vs 29 of 72 [40%] patients, p = 0.009). 

ANTERIOR ACUTE MYOCARDIAL INFARCTION: After 2 
months follow-up the infarcted anterior segment length 
increased by 4.5 + 2.3 mm in the captopril versus 12.4 
+ 3.1 mm in the placebo group (95% CI —15.7 to 
—0.2, p = 0.046, Figure 2). The trend toward a lower 
mean anterior segment length in the captopril group 
persisted (Table II). There was no treatment effect on 
the noninfarcted posterior segment. Fewer patients tak- 
ing captopril had significant increases in anterior seg- 
ment length (6 of 20 [30%] vs 13 of 21 [62%] patients; p 
= 0.04). 

INFEROPOSTERIOR ACUTE MYOCARDIAL INFARCTION: Af- 
ter 2 months follow-up, the infarcted posterior segment 
length increased by 3.1 + 1.6 mm in the captopril ver- 
sus 9.8 + 2.4 mm in the placebo group (95% CI —13.3 
to —0.1, p = 0.046; Figure 2). There was a trend 


ANTERIOR MI's 


Change in anterior segment length (mm) vs baseline 
Change in posterior segment length (mm) vs baseline 





0 
Day3 Day7 1 month2 month 
TIME 





.s....-. O- 
——*— Placebo 








toward a shorter mean posterior segment length in the 
captopril group (Table II). There was also a trend 
toward a larger increase in noninfarcted anterior seg- 
ment length in the placebo than in the captopril group, 
but the difference was not significant (7.9 + 3.9 vs 
1.0 + 2.5 mm, 95% CI —16.5 to 2.8, p = 0.15). 

Of the 10 cardiac deaths for which segment length 
data were available, expansion of the infarcted segment 
occurred in 4 of 7 patients taking captopril and 2 of 3 
taking placebo. Expansion of the noninfarcted segment 
occurred in 0 of 7 patients taking captopril and 3 of 3 
taking placebo. 

Left ventricular volumes: Baseline and 2-month 
data, and the number of patients with images adequate 
for analysis are listed in Table III. The placebo group 
showed a nonsignificant trend toward higher mean LV 
volumes and a lower ejection fraction at baseline owing 
in part to the uneven randomization of subjects with 
previous AMI. After 2 months, end-diastolic volume 
index increased by 8.1 + 2.1 ml-m~ in the captopril 
versus 11.6 + 1.9 ml-m~? in the placebo group (95% 
CI —9.2 to 2.3, p = 0.23), and end-systolic volume in- 
dex increased by 5.4+1.9 ml-m~? in the captopril 
versus 9.3 + 1.8 ml-m~? in the placebo group (95% 
CI —9.3 to 1.5, p = 0.16). The captopril group tended 
toward lower LV volumes and higher ejection fractions 
at 2 months, but none of the differences were statisti- 
cally significant. Of the 10 cardiac deaths for whom 
LV volume data were available, significant increases in 
end-diastolic volume index occurred in 3 of 6 patients 
taking captopril and 3 of 4 taking placebo. For end- 
systolic volume index, the figures were 2 of 6 receiving 
captopril and 3 of 4 receiving placebo. 

Subjects without previous acute myocardial infarc- 
tion: Patients with previous AMI had already under- 
gone a period of LV remodeling that may have limited 
the potential for further infarct expansion and remodel- 
ing after a subsequent infarction.!? In view of the un- 


INFERO-POSTERIOR MI's 


Captopril 


FIGURE 2. Changes in anterior segment 
length in anterior myocardial infarctions 
(MI’s) and in posterior segment length in 
inferoposterior MI’s. 
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TABLE IV Change in Endocardial Segment Lengths from 
Baseline to Two Months in Subjects Without Previous AMI 


Captopril Placebo p 
(n= 26) (n= 25) 95% Cl Value 


2.9(1.7) 12.7 (2.6) 
3.5.12): 17:9 (2.0) 
(n= 13) (n= 13) 

4.9 (2.4) 14.5 (3.8) 
4.0(1.7) 6.2 (2.6) 
(n=13) (n=12) - 
ASL (mm) 1.0(2.5) 10.8 (3.6) 
PSL (mm) 3.1 (1.6 9.8 (3.1) 


Values are standard error of the mean. 
Abbreviations as in Table Il. 


ASL (mm) 
PSL (mm) 
Anterior AMI 
ASL (mm) 
PSL (mm) 
Inferoposterior AMI 


—16.1, —3.4 
—9.1, 0.4 


—19.0,;—0,2 
—8.7, 4.4 


=19.0, —0:5 
-14.2, 0.9 









TABLE V Left Ventricular Volumes and Ejection Fraction at 
Baseline and at Two Months in Patients with First AMI 














Captopril Placebo 

(n = 38) (n = 31) 95% Cl Value 
EDVI (ml: m-2) 68.0(2.6) 70.1 (2.2) —9.0, 4.7 0.53 
ESVI (mi * m72) 43.1 (2.2) 46.1 (2.2) -9.3,3.3 0.35 
EF (%) 37.1 (1.8) 34.6 (1.8) —2.6, 7.7 0.33 

(n = 30) (n = 27) 
EDVI(ml*m-2) 76.4(3.3) 82.2(3.1) -14.9, 3.3 0.21 
ESVI (mi + m72) 46.9(3.2) 54.7(3.2) -16.9,1.3 0.09 
EF (%) 39.9 (2.0) -34.3 (1.7) 0.3, 10.9 0.04 


Values are standard error of the mean. 
Abbreviations as in Table III. 


even randomization of such patients, we reanalyzed the 
echocardiographic data after excluding these subjects. 
Despite the reduction in the number of available data 
points, the differences between the captopril and place- 
bo groups in segment length changes occurring between 
baseline and 2-month follow-up persisted (Table IV). 
In addition, the increase in noninfarcted anterior seg- 
ment length in patients with inferoposterior AMI was 
significantly reduced by captopril, indicating a benefi- 
cial effect on remodeling of remote noninfarcted myo- 
cardium. LV volumes were more closely matched at 
baseline, and the same pattern of changes was seen 
with a significantly higher ejection fraction in the cap- 
topril group at 2 months (Table V). 

Exercise tests (Table VI): There were no significant 
differences between treatment groups in any of the pa- 
rameters measured. The distribution of limiting symp- 
toms, such as chest pain, dyspnea, fatigue and dizzi- 
ness, was similar. 


DISCUSSION 

This study shows that treatment with captopril be- 
gun <24 hours after AMI modifies the early phase of 
LV remodeling. The attenuation of the increase in en- 
docardial segment lengths seen in the placebo group 












TABLE VI Exercise Data at Two-Month Follow-Up 


Placebo Captopril 
(n = 36) (n = 37) 




















Peak heart rate (beats/min) 


140 (4) 140 (4) 
Peak systolic BP (mm Hg) 150 (4) 152 (4) 
Rise in systolic BP (mm Hg) 23 (3) 0 (4) 
Peak rate-pressure product 21,344 (980) 21,250 (825) 
Exercise time (sec) 488 (30) 424 (28) 
Time to 1-mm ST depression 703 (89) 631 (61) 

(n = 11) (n = 10) 

Maximal ST depression (mm) 0.5 (0.2) 0.4 (0.1) 





Values are standard error of the mean. 
BP = blood pressure. 


probably represents, at least in part, limitation of in 
farct expansion. There was no evidence that the effect 
of captopril was mediated by a reduction in infarct size. 
Clinicopathologic studies have shown that infarct ex- 
pansion is most frequently seen in first infarcts, particu- 
larly when they are large, transmural and involve the 
anteroapical region.!”:2° Serial observations of echocar- 
diographic segment lengths at 1 point along the long 
axis of the left ventricle cannot adequately describe the 
complex histologic changes that characterize infarct ex- 
pansion, nor can they identify infarct expansion as the 
sole process responsible for an increase in the magni- 
tude of these parameters. In patients with AMI, the 
parasternal short-axis segment lengths contain not only 
an infarcted area, but also areas of normal and isch- 
emic myocardium. Therefore, increases in these linear 
measurements reflect a combination of infarct expan- 
sion and dynamic remodeling of adjacent noninfarcted 
tissue. 

Comparison with previous studies: The incidence of 
infarct expansion in our placebo group is comparable to 
that described in previous studies using the same echo 
cardiographic measurements.!:? In the first reported 
human study examining the effect of captopril on LV 
volumes after AMI, Pfeffer et al!? began treatment an 
average of 20 days after a first anterior AMI. In the 
entire study group, no beneficial treatment effects on 
LV volume or ejection fraction were seen at | year.!? 
In a subgroup with large infarcts or with a persistently 
occluded infarct-related artery, captopril attenuated the 
increase in end-diastolic volume index in the placebo 
group. In a similar study with treatment commencing 
an average of 9 days after the index event and with 
follow-up for 1 year, Sharpe et al!? showed that capto- 
pril compared with baseline produced a significant re- 
duction in end-systolic volume index, and a significant 
increase in stroke volume index and ejection fraction. 
These changes were not seen in 2 parallel groups treat- 
ed with furosemide or placebo. !? 

The very early administration of captopril in our 
protocol was accomplished without any major adverse 
complications. There was only | withdrawal owing to 
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acute hypotension, and this patient was taking placebo. 
Overall, the captopril group had consistently lower 
blood pressure, although the difference between groups 
rarely attained statistical significance. Ambulatory 
measurements might have exposed larger differences. 

Patients who had received thrombolytic therapy 
were excluded from this study. The presence of a pat- 
ent infarct-related artery reduces the risk of infarct ex- 
pansion in animal models?! and humans.!2:22 However, 
only a proportion of patients with AMI are suitable for 
thrombolytic therapy, and approximately 25% of in- 
farct-related arteries remain occluded 3 weeks after at- 
tempted thrombolysis.*? Even if patency is achieved, 
the effects of captopril and thrombolysis on LV remod- 
eling may be additive. Alternatively, there is a theoreti- 
cal risk that reduction in coronary perfusion pressure 
produced by captopril might provoke reocclusion of re- 
cently reperfused arteries.24 These interactions require 
further study. 

In a pattern analogous to the known dissociation be 
tween exercise time and ejection fraction at rest in 
heart failure,2> we were unable to show that the favor 
able effects on ventricular remodeling seen with capto- 
pril were accompanied by improved exercise tolerance. 
Pfeffer et al!? showed a significant improvement in ex- 
ercise time with captopril in a subgroup of male pa- 
tients in whom exercise-induced myocardial ischemia 
was absent. Our results, derived from all patients who 
exercised, probably reflect the known variable effects of 
angiotensin-converting enzyme inhibition on exercise- 
induced myocardial ischemia.?°27 

The magnitude of the increase in LV volume may 
be the single best predictor of an adverse prognosis af- 
ter AMI.?8:2 The presence of infarct expansion early 
after AMI identifies patients at risk of progressive LV 
dilatation.* Thus, the beneficial effect of captopril on 
the early stages of postinfarction remodeling should be 
ultimately translated into a limitation of such dilatation 
and an improvement in survival. During the time 
course of this study, no treatment effect was seen on 
LV volumes, but blinded follow-up is continuing to test 
this hypothesis further. 

None of the authors of this study have any financial 
connection with Bristol-Myers Squibb. 
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To assess the role of atrial natriuretic factor 
(ANF) in right ventricular (RV) infarction, 30 pa- 
tients with inferior wall acute myocardial infarc- 
tion (15 with RV involvement) and normal left 
heart filling pressures were studied 39 + 12 
hours after the onset of symptoms. Serial mea- 
surements of cardiac output, right atrial, pulmo- 
nary artery and pulmonary wedge pressures, as 
well as plasma ANF, plasma renin activity, plas- 
ma aldosterone and vasopressin were obtained 
before and 30 minutes after acute volume ex- 
pansion to raise wedge pressure >20 mm Hg. 

Baseline mean right atrial pressure and plas- 
ma ANF levels were greater in patients with than 
without RV infarction (8 + 3 vs 5 + 2 mm Hg; p 
<0.0001, and 4.6 + 2.9 vs 2.7 + 1.5 fmol/ml; p 
<0.05, respectively). There were no differences 
in other baseline hemodynamic or humoral pa- 
rameters between both groups. After volume ex- 
pansion, pulmonary wedge pressure was similar 
in both groups, but right atrial pressure in- 
creased to higher levels in patients with RV in- 
farction (19 + 2 vs 14 + 2 mm Hg; p <0.0001). 
Despite this greater stimulus for ANF secretion, 
the increase in plasma ANF was less pronounced 
in patients with RV infarction (63 + 81 vs 455 + 
417%; p <0.002), especially among those with 
paroxysmal supraventricular tachyarrhythmias. 
Thus, despite higher baseline plasma levels of 
ANF, response to volume loading is markedly at- 
tenuated in patients with RV infarction compli- 
cating an inferior wall acute myocardial infarc- 
tion. 

(Am J Cardiol 1991;68:719-—724) 
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trial natriuretic factor (ANF) has been exten- 
A sively studied in congestive heart failure!2 and 
other cardiovascular disorders.? However, lim- 
ited information is available on ANF secretion in acute 
myocardial infarction.4+® It has been suggested that 
ANF increases early after the onset of symptoms and 
declines shortly thereafter.* Furthermore, recent studies 
indicate that atria of Syrian hamsters with myocardial 
infarction are deficient in ANF, and volume loading 
may elicit a limited ANF secretion in this situation.’ 
The clinical relevance of these observations is unknown. 
Right ventricular (RV) infarction is characterized 
by elevated right heart filling pressures and often re- 
sults in low cardiac output, hypotension and oliguria.’ 
In addition to inotropic agents, volume overloading to 
increase left heart filling pressures is the treatment of 
choice in this situation.? Thus, RV infarction provides a 
unique clinical model to study both the secretion of 
ANF in acute myocardial infarction and the response 
of ANF to volume expansion in patients with elevated 
right atrial pressure. The aim of present study was two- 
fold: (1) to analyze plasma ANF in acute myocardial 
infarction with and without RV extension, and (2) to 
determine the hemodynamic and humoral effects of 
acute volume expansion in this clinical situation. 


METHODS 

Study patients: The study involved 30 consecutive 
patients with a definite diagnosis of inferior myocardial 
infarction.'° Patients with clinical or hemodynamic evi- 
dence of left ventricular failure, postinfarction angina, 
severe hypertension, chronic renal failure or any condi- 
tion precluding acute volume expansion were excluded 
from the study. There were 26 men and 4 women, aged 
32 to 70 years (mean + standard deviation 54 + 2). 
All patients gave informed consent and the Research 
Committee of our Institution approved the protocol. 

Definitions: The diagnosis of RV infarction was es- 
tablished if the ratio between the right atrial pressure 
over the pulmonary wedge pressure was >0.8 with a 
wedge pressure >10 mm Hg, either in the basal period 
or during volume expansion, after the hemodynamic 
criteria of Lépez-Sendén!! and Dell’Italia!? and their 
co-workers. 
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TABLE I Hemodynamic Response to Volume Loading 


Patients With RV Infarction 


Volume 
Expansion 


Heart rate (beats/min) 79: = 15 82+ 19 
Mean pressures (mm Hg) 
Systemic 
Pulmonary artery 
Wedge 
Right atrium 
Cardiac index (liters/min/m2) 
Right atrial area (cm2) 
Indexed area (cm2/m?) 
Left ventricular score 


Right ventricular score 


93 +14 
15+4 
9+3 
8 + 3t 
2.8+0.7 
16 + 4f 
8.5 + 0.7T 
12 £2 
6 £2ł 


100 + 15 
27 £5 
2123 
19 + 2** 
3.2 20.9% 


Patients Without RV Infarction 


Volume 
Expansion 


<0.01 


<0.05 

<0.0001 
<0.0001 
<0.0001 
<0.0001 


*Denotes comparison in postvolume expansion values between both groups: *p <0.01; **p <0.0001. 


tDenotes comparison in baseline values between both groups: tp <0.01; tp <0.001. 
NS = not significant; RV = right ventricular. 





General preparation: The study was performed 39 
+ 12 hours after the onset of symptoms. Patients were 
maintained at rest on a standard low-salt diet during 
the first 3 days and did not receive 6-blocking, vasoac- 
tive or inotropic drugs before the study. 

Twenty-four hours before the study, a Swan-Ganz 
thermodilution catheter was inserted through an ante- 
cubital vein. Right heart pressures were measured using 
a Gould P23ID pressure transducer (Gould Inc, Ox- 
nard, California) leveled at the midaxillary line. Cardi- 
ac output was assessed by thermodilution averaging a 
minimum of 3 determinations. A Foley catheter was 
inserted into the urinary bladder to allow collection of 
timed urine samples. Arterial blood pressure was mea- 
sured with a standard sphygmomanometer. 

Study protocol: Baseline pressure measurements 
and cardiac output were recorded. Blood samples to 
measure plasma ANF, plasma renin activity, aldoste- 
rone and vasopressin, and electrolytes were obtained as 
previously described.'? Urine samples for electrolyte 
measurements were also obtained. Basal glomerular fil- 
tration rate was then assessed using the Inulin clear- 
ance method.!4 Afterward, acute volume expansion was 
performed with a Dextran saline solution until the pul- 
monary artery wedge pressure increased to 20 mm Hg. 
After voiding the urinary bladder, a period of 30 min- 
utes was allowed. During this period, the wedge pres- 
sure was maintained constant by adjusting the perfu- 
sion rate of Dextran saline solution. This 30-minute pe- 
riod was selected since it has been suggested that under 
physiologic conditions changes of atrial pressure do not 
immediately affect circulating ANF concentrations. !* 
At the end of this period, pressure measurements, car- 
diac output, glomerular filtration rate and hormonal 
measurements were repeated. Urine was collected and 
measured with a graduate urimeter. 

Hormonal and biochemical measurements: Plasma 
ANF was measured by specific radioimmunoassay as 


previously described!? and its concentration expressed 
in fmol/ml. Plasma renin activity, aldosterone and va- 
sopressin were estimated by radioimmunoassay as pre- 
viously described.'3 Serum and urine electrolytes were 
measured by flame photometry. All hormonal and bio- 
chemical measurements were made in a blinded fashion 
without knowledge of clinical data. 

Echocardiography and Holter monitoring: Just be- 
fore baseline measurements, a cross-sectional echocar- 
diogram was obtained. Right and left ventricular walls 
were divided in segments for wall motion analysis. A 
quantitative score for the left and right ventricles was 
calculated as described by Gibson et al!® and by d’Arcy 
and Nanda,!’ respectively. The right atrial cross-sec- 
tional area was obtained from the apical 4-chamber 
view as described by Bommer et al.!* At least 3 consec- 
utive cardiac cycles were analyzed and averaged by an 
observer unaware of patient data. 

The electrocardiogram was continuously monitor- 
ized in the coronary care unit. A 48-hour Holter re- 
cording was also obtained from each patient and ana- 
lyzed with a dynamic electrocardioscanner (Del Mar 
Avionics ). 

Statistical analysis: Results are expressed as mean 
+ | standard deviation. Statistical differences between 
patients with or without RV infarction were evaluated 
by Student’s ¢ tests for unpaired observations. Paired 
Student’s ¢ tests were performed to identify differ- 
ences between baseline and postvolume expansion val- 
ues within each group of patients. If data were not nor- 
mally distributed, the Wilcoxon signed rank test was 
used. Linear regression analysis was performed using 
the least-squares method. A p value <0.05 was consid- 
ered significant. 


RESULTS 
Patients: Fifteen of 30 patients met the hemody- 
namic criteria of RV infarction. There were no differ- 
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TABLE II Effect of Volume Loading on Hormonal and Biochemical Parameters 


Patients With RV Infarction 


Volume 
Expansion 


Plasma renin activity (ng/ml/hour) 
Aldosterone (ng/dl) 

Vasopressin (pg/ml) 

Plasma ANF (fmol/ml) 
Glomerular filtration rate (ml/min) 
Urine flow (ml/min) 

Urinary Na excretion (wEq/min) 
Urinary K excretion (wEq/min) 
Fluid volume expansion (ml) 


2.7+2.2 


159 + 59 
63 + 28 


tDenotes comparison in baseline values between both groups: p <0.05. 
ANF = atrial natriuretic factor; K = potassium; Na = sodium; NS = not significant. 


ences in age (57 + 12 vs 52 + 8 years), male gender 
(62 vs 85%), hypertension (25 vs 32%), diabetes (25 vs 
22%) or the time elapsed since the onset of symptoms 
to enter the study (36 + 13 vs 41 + 13 hours) between 
patients with and without RV infarction. Only 1 patient 
had a previous myocardial infarction. By protocol, none 
of the 30 patients had signs of left heart failure. The 
electrocardiogram was recorded 9 + 10 hours after the 
onset of chest pain. Nine of the 15 patients with RV 
infarction had ST-segment elevation in lead V4R com- 
pared with only 1 without RV infarction. 

Baseline measurements: Right atrial pressure was 
higher (p <0.001) and cardiac index slightly lower (p 
= 0.06) in patients with RV infarction (Table I). There 
were no differences for other baseline hemodynamic 
parameters between both groups. Pulmonary wedge 
pressure was <15 mm Hg in all cases. 

Right atrial area was significantly larger in patients 
with RV infarction. This difference remained after cor- 
recting right atrial area for body surface area. As ex- 
pected, RV wall motion assessed by the echocardio- 
graphic score was impaired in patients with RV infarc- 
tion. Left ventricular score was similar in both groups. 

Baseline plasma ANF levels were higher in patients 
with RV infarction (4.6 + 2.9 vs 2.7 + 1.5 fmol/ml; p 
<0.05), exceeding the normal value of our laboratory 
(1.7 + 0.9 fmol/ml; p <0.05) (Table II). Plasma renin 
activity and aldosterone levels were also higher in this 
group of patients, although these differences did not 
reach statistical significance (p = 0.09 and p = 0.06, 
respectively). Vasopressin concentration, glomerular fil- 
tration rate and urine electrolyte excretion were similar 
in both groups. 

Response to blood volume expansion: Acute blood 
volume expansion caused an abrupt increase in all he- 
modynamic parameters in both groups (Table I). How- 
ever, the right atrial pressure achieved after volume 
loading was higher in patients with RV infarction (19 
+ 2 vs 14 + 4 mm Hg; p <0.001). Heart rate, system- 





152% 2.2" 
12.6 + 9.2* 


PA 2 Su? 


4.4 + 4,9* 
245 + 246* 


1,375 + 503* 


*Denotes comparison in postvolume expansion values between both groups: p < 0.05. 








Patients Without RV Infarction 


Volume 


p Value Basal Expansion p Value 


0.3 + 0.6 
5:8. + 3.7 
3.4+2.1 
12:1.+ 6.3 
150 + 28 
8.1 + 4.0 
618 + 517 
81 + 34 
1,935 + 765 


0.4+0.5 
7.9+2.9 
3.4 + 2.0 
2.7215 
99 + 34 
1.4 + 0.6 
82 + 50 
44 + 39 


ic pressure, pulmonary artery and pulmonary wedge 
pressures attained similar levels in both groups. Cardiac 
index increased significantly less in patients with RV 
infarction (p <0.01). 

Plasma ANF increased from 4.6 + 2.9 to 7.1 + 5.7 
fmol/ml (p <0.05) in patients with, and from 2.7 + 
1.5 to 12.1 + 6.3 fmol/ml (p <0.0001) in those with- 
out RV infarction (Figure |). Thus, despite reaching a 
higher right atrial pressure with a similar pulmonary 
wedge pressure, the absolute increase in plasma ANF 
was markedly lower in patients with RV infarction 
(Figure 2). Expressed as percentage of baseline values, 
plasma ANF increased 63 + 81% in patients with RV 
infarction vs 455 + 417% in those without it (p 
<0.002). There was a negative correlation between the 
increase in plasma ANF after volume loading and the 
peak creatine phosphokinase level (r = —0.39, p = 
0.037). When analyzed separately, the correlation was 
only significant for patients without RV infarction. 

Plasma renin activity, aldosterone and vasopressin 
remained unchanged after volume loading in patients 


Plasma ANF (fmol/ml) 


— normal value 
Volume expansion 


FIGURE 1. Plasma atrial natriuretic factor (ANF) levels before 
and after blood volume expansion. Values are expressed as 
mean + standard deviation. + = p <0.05 for patients with 
right ventricular infarction (RVI); * = p <0.0001 for patients 
without right ventricular infarction. 
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TABLE III Patients with Supraventricular Arrhythmias on 48-Hour Holter Monitoring 


Pt. RV 
Infarction 


No. Arrhythmia 


ANF After Volume 
Expansion (fmol/ml) 


% ANF 
Increase 


Basal 
ANF 


AF = atrial fibrillation; ANF = atrial natriuretic factor; PAT = paroxysmal atrial tachycardia; RV = right ventricular; + = present; — = absent. 


without RV infarction. However, patients with RV in- 
farction had a slight decrease in plasma renin activity 
and a significant reduction in plasma aldosterone (p 
<0.01). Thus, the small and nonsignificant baseline dif- 
ferences in plasma renin activity and aldosterone levels 
between both groups became significant after volume 
expansion (p <0.05) (Table II). 

Glomerular filtration rate increased in the same 
magnitude after volume loading in both groups. 
Changes in urine flow were less marked in patients with 
RV infarction (absolute increase 3.3 + 4.7 vs 6.7 + 4.0 
ml/min; p <0.05). There was no statistical significant 
correlation between basal urine output and plasma 
ANF levels (r = —0.18). There was no significant cor- 
relation between the increase in ANF and the increase 
in urine output after blood volume expansion (r = 
0.32). 

Holter monitoring: Holter monitoring detected par- 
oxysmal supraventricular tachyarrhythmias in 6 pa- 
tients; 5 of them met the hemodynamic criteria of RV 
infarction (Table III). Plasma ANF did not change af- 
ter volume expansion in these 5 patients (from 3.9 + 
2.2 to 4.2 + 2.8 fmol/ml; p = not significant). How- 
ever, the remaining 10 patients with RV infarction and 
without supraventricular tachyarrhythmias had a sig- 


p < 0.001 
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FIGURE 2. Absolute increase in plasma atrial natriuretic fac- 
tor (ANF) concentration produced by acute blood volume ex- 
pansion. RVI = right ventricular infarction. 








nificant increase in their plasma ANF concentration 
(from 5.0 3.3 to 8.6 + 6.3 fmol/ml; p <0.03). 


DISCUSSION 

Atrial natriuretic factor in right ventricular infarc- 
tion: This study shows that plasma ANF is elevated in 
patients with acute inferior myocardial infarction com- 
plicated by RV infarction. ANF levels were twofold 
higher than those observed in patients without RV in- 
volvement. These results are consistent with a recent 
report of 8 patients with inferior and RV infarction in 
whom pronounced ANF elevations were found. !? ANF 
release is mediated by stretching of atrial myocytes,?° 
which in turn depends not only on atrial pressure?! but 
also on atrial dimensions.” In our series, patients with 
RV infarction had a higher basal right atrial pressure 
as well as a larger right atrium than those without RV 
infarction. Thus, a greater stimulus for ANF release 
was present in these patients. 

Our study also shows that plasma ANF remains 
within normal limits 24 hours after myocardial infarc- 
tion in the absence of congestive heart failure. These 
findings are in agreement with a previous report,22 
which demonstrates that acute myocardial ischemia 
during percutaneous transluminal coronary angioplasty 
did not cause significant changes in plasma ANF levels 
unless a concomitant increase in pulmonary wedge 
pressure secondary to ventricular dysfunction occurs. 
Previous studies have shown an early increase in plas- 
ma ANF after the onset of myocardial infarction to 
decrease shortly thereafter.4> However, in these short 
series, ventricular dysfunction was diagnosed on clinical 
grounds without hemodynamic confirmation and many 
patients were taking medication at the time of the 
study. 

Atrial natriuretic factor release after volume load- 
ing: Acute volume expansion is a potent stimulus for 
ANF release.” In our study, maximal stimulus for 
ANF release was achieved increasing pulmonary wedge 
pressure to optimal values recommended in acute myo- 
cardial infarction. These values were identical in both 
groups. Right atrial pressure increased significantly in 
both groups but achieved higher levels in those with RV 
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infarction. Therefore, a substantial ANF release from 
atrial myocytes should be expected in all patients, espe- 
cially in those with RV infarction. However, a blunted 
response was observed in patients with RV involvement: 
ANF levels increased only a mean of 63% in contrast 
to 455% in patients without RV infarction (p <0.002). 
Thus, the present study supports the concept of an al- 
tered response of ANF release to volume overload in 
patients with elevated right atrial pressure and mild 
congestive heart failure secondary to RV infarction. 

Mechanisms of abnormal atrial natriuretic factor 
release: The initial observation that atrial granularity 
decreases with volume loading** suggests that enhanced 
secretion of ANF may deplete tissue stores of this pep- 
tide. Because the in vivo half-life of ANF is very 
short,2° the elevated basal plasma levels observed in pa- 
tients with RV infarction are probably due to a high 
rate of release. This may lead to a rapid depletion in 
ANF storage, so further stimulation with blood volume 
expansion may elicit only an attenuated response in 
ANF secretion as we observed in our patients. In sup- 
port of this hypothesis, a recent report*® showed that 
rats with experimental myocardial infarction and heart 
failure had higher basal plasma ANF levels than con- 
trol rats; however, volume loading did not cause a sig- 
nificant plasma ANF increase. Moreover, ANF con- 
centration per gram of atrial tissue was significantly 
lower in those rats. As these investigators observed in 
the experimental animal, we have also found an inverse 
correlation between the severity of myocardial infarc- 
tion and the response of ANF release to blood volume 
expansion. 

Plasma ANF did not increase after volume expan- 
sion in patients with RV infarction and paroxysmal su- 
praventricular tachyarrhythmias (a marker of atrial in- 
farction). This fact suggests that right atrial ischemia 
or infarction may also play a role by reducing the 
amount of atrial tissue available for synthesis and stor- 
age of ANF. However, we may only speculate with this 
attractive hypothesis since there is no reliable in vivo 
method to diagnose atrial infarction. At the same time, 
supraventricular arrhythmias are not uncommon in the 
setting of acute myocardial infarction and in patients 
with increased right atrial pressure.?” However, experi- 
mental studies?*:2? have shown that removal of the ap- 
pendage attenuates ANF increase and markedly reduc- 
es the renal, diuretic and natriuretic responses to acute 
blood volume expansion in rats. 

Since the expression of the gene for ANF is not 
confined to atrial tissue and it is also expressed in the 
subendocardium of the ventricle,2° RV necrosis could 
also partly explain the lack of response in our patients. 
Finally, other mechanisms such as saturation of an atri- 
al natriuretic peptide receptor sensing system or a limit- 





ed transformation rate of pro-ANF have been invoked 
to explain the abnormal ANF response in congestive 
heart failure.*° 

However, it is unlikely that differences in the vol- 
ume of fluid administered may account for the smaller 
ANF increase in patients with RV infarction, since 
atrial pressures achieved after volume expansion were 
higher in these patients. 

Study limitations: The present study analyzes the 
secretion pattern of ANF in inferior wall acute myocar- 
dial infarction complicated by RV infarction. Since the 
protocol calls for volume overloading as the stimulus for 
ANF release, only patients with normal left ventricular 
filling pressures were included. Furthermore, studies 
were performed 24 hours after admission. Thus, our 
results do not apply to all patients with acute myocardi- 
al infarction, but only to those with an inferior location 
without left ventricular failure presenting 24 to 48 
hours after the onset of symptoms. 

The importance of ANF in normal fluid balance is 
still a matter of controversy. In our study there was no 
correlation between ANF increase and diuretic re- 
sponse to volume loading. This fact suggests that the 
effect of ANF on renal function is overcome by stron- 
ger hemodynamic and humoral factors. Further studies 
are needed to determine if exogenous administration of 
ANF may be beneficial in managing clinical situations 
characterized by an inadequate response of ANF to 
physiologic stimulus, as it occurs in the acute phase of 
RV infarction. 


Acknowledgment: We are grateful for the helpful 
comments of Jolanta Gutkowska, MD, and David Wa- 
ters, MD. 


REFERENCES 

1. Raine AEG, Erne P, Biirgisser E. Atrial natriuretic peptide and atrial pressure 
in patients with congestive heart failure. N Engl J Med 1986;315:533-537. 
2. Haas M, Dietz R, Fischer TA, Lang RE, Kübler W. Role of right and left atrial 
dimensions for release of atrial natriuretic peptide in left-sided valvular heart 
disease and idiophatic dilated cardiomyopathy. Am J Cardiol 1988;62:764-770. 
3. Roy D, Paillard F, Cassidy D, Bourassa MG, Gutkowska J, Genest J, Cantin 
M. Atrial natriuretic factor during atrial fibrillation and supraventricular tachy- 
cardia. J Am Coll Cardiol 1987;9:509-514. 

4. Svanegaard J, Nielsen KA, Pindborg T. Atrial natriuretic peptide and acute 
myocardial infarction. Am Heart J 1989;117:194-195S. 

5. Wencker M, Lechleitner P, Dienst! F, Hauptlorenz S, Puschendorf B. Early 
decrease in atrial natriuretic peptide in acute myocardial infarction. Lancet 
1987;1:1369. 

6. Mizgala HF. Atrial Natriuretic Factor: a new diagnostic marker for right 
ventricular infarction? J Am Coll Cardiol 1990;15:554-556. 

7. Chimoskey JE, Spielman WS, Brandt MA, Heidemann SR. Cardiac atria of 
BIO 14, 6 hamsters are deficient in natriuretic factor. Science 1984;223:820-821. 
8. Cintron GB, Hernandez E, Linares E, Aranda JM. Bedside recognition, inci- 
dence, and clinical course of right ventricular infarction. Am J Cardiol 1981; 
47:224-227. 

9. Dell’ Italia L, Starling MR, Blumhardt R, Lasher JC, O’Rourke RA. Compar- 
ative effects of volume loading, dobutamine, and nitroprusside in patients with 
predominant right ventricular infarction. Circulation 1985;72:1327-1334. 

10. The Criteria Committee of the New York Heart Association. Nomenclature 


MYOCARDIAL INFARCTION 723 


and criteria for diagnosis of diseases of the heart and great vessels. 8th ed. Boston: 
Little Brown, 1979:91. 

11. Lopez-Sendén J, Coma-Canella I, Gamallo C. Sensitivity and specificity of 
hemodynamic criteria in the diagnosis of acute right ventricular infarction. Circu- 
lation 1981;64:515-525. 

12. Dell’Italia L, Starling MR, Crawford MH, Boros BL, Chaudhuri TK, 
O'Rourke RA. Right ventricular infarction: Identification by hemodynamic mea- 
surements before and after volume loading and correlation with noninvasive 
techniques. J Am Coll Cardiol 1984;4:931-939. 

13. Ginés P, Jiménez W, Arroyo V, Navasa M, López C, Tité LL, Serra A, Bosch 
J, Sanz G, Rivera F, Rodés J. Atrial natriuretic factor in cirrhosis with ascites: 
plasma levels, cardiac release and splachnic extraction. Hepatology 1988;8: 
636-642. 

14. Heyrovsky A. A new method for the determination of inulin in plasma and 
urine. Clin Chim Acta 1956;1:470-474. 

15. Anderson JV, Bloom SR. Physiological and pathological stimuli releasing 
atrial natriuretic peptide in humans. In: Brenner BM, Laragh JH, eds. Biological- 
ly Active Atrial Peptides. New York: Raven Press, 1987:41-47. 

16. Gibson RS, Bishop HL, Stamm RB, Crampton RS, Beller GA, Martin RP. 
Value of early two-dimensional echocardiography in patients with acute myocar- 
dial infarction. Am J Cardiol 1982;49:1110-1119. 

17. D'Arcy B, Nanda C. Two dimensional echocardiographic features of right 
ventricular infarction. Circulation 1982;65:167-173. 

18. Bommer W, Weinert L, Neumann A, Neef J, Mason DT, DeMaria A. 
Determination of right atrial and right ventricular size by two-dimensional echo- 
cardiography. Circulation 1979;60:91-100. 

19. Robalino BD, Petrella RW, Bravo E, Jubran FY, Bravo EL, Healy BP, 
Whitlow PL. Atrial natriuretic factor in patients with right ventricular infarction. 
J Am Coll Cardiol 1990;15:546-553. 

20. Edwards BS, Zimmerman RS, Schwab TR, Heublein DM, Burnett JC. 
Atrial stretch, not pressure, is the principal determinant controlling the acute 





release of atrial natriuretic factor. Circ Res 1988;62:191-195. 

21. Bates ER, Shenker Y, Grekin RJ. The relationship between plasma levels of 
immunoreactive atrial natriuretic hormone and hemodynamic function in man. 
Circulation 1986;73:1155-1161. 

22. Ikäheimo MJ, Ruskoaho HJ, Airaksinen KEJ, Huikuri HV, Korhonen UR, 
Leppäluoto J, Tuominen MO, Takkunen JT. Plasma levels of atrial natriuretic 
peptide during myocardial ischemia induced by percutaneous transluminal coro- 
nary angioplasty or dynamic exercise. Am Heart J 1989:117:837-841. 

23. Lang RE, Thélken H, Ganten D, Luft FC, Ruskoaho H, Unger T. Atrial 
natriuretic factor: a circulating hormone stimulated by volume loading. Nature 
1985;314:264-266. 

24. Marie JP, Guillemot H, Hat PY. Le degré de granulation des cardiocytes 
auriculares: étude planimétrique au cours de differents apports d’eau et de sodium 
chez le rat. Pathol Biol (Paris) 1976;24:549-554. 

25. Yamaji T, Ishibashi M, Takaru F. Atrial natriuretic factor in human blood. J 
Clin Invest 1985;76:1705-1709. 

26. Drexler H, Hanze J, Finckh M, Lu W, Just H, Lang RE. Atrial natriuretic 
peptide in a rat model of cardiac failure. Atrial and ventricular mRNA, atrial 
content, plasma levels, and effect of volume loading. Circulation 1989; 
79:620-633. 

27. Hellerstein HK, Van Dyke AE. Atrial infarction: a contemporary view. In: 
Hurst JW, ed. The Heart. Update IV. New York: McGraw-Hill, 1981:43-53. 
28. Veress AT, Sonnenberg H. Right atrial appendectomy reduces the renal 
response to acute hypervolemia in rat. Am J Physiol 1984;247:R610-R613. 
29. Villareal D, Freeman RH, Davis JO, Verburg KM, Vari RC. Effects of atrial 
appendectomy on circulating atrial natriuretic factor during volume expansion in 
the rat. Proc Soc Exp Biol Med 1986;183:54-58. 

30. Gardner DG, Deschepper CF, Hane S, La Pointe ML, Gertz BJ, Ganong 
WF, Baxter JD, Lewicki JA. Expression and regulation of the gene for atrial 
natriuretic peptide. In: Brenner BM, Laragh JH, eds. Biologically Active Atrial 
Peptides. New York: Raven Press, 1987:3-7. 


724 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 SEPTEMBER 15, 1991 





) 





Beat-to-Beat Electrocardiographic Morphology 
Variation in Healed Myocardial Infarction 
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Using high-fidelity electrocardiographic (ECG) 
amplifiers, we measured subtle beat-to-beat 
ECG morphologic variations at different phases 
of the ECG complex. The electrocardiograms 
were recorded from 49 men with a documented 
Q-wave myocardial infarction and from 30 age- 
matched normal men. Forty consecutive beats 
were averaged to achieve an average ECG signal 
from which variance could be calculated. The rel- 
ative variance, defined as the ratio between the 
integrated variance of the examined window and 
the integrated variance of the ECG signal that 
was close to full cycle length, was calculated at 
QRS onset and at offset in 2 frequency bands (4 
to 40 and 60 to 120 Hz). Patients with healed in- 
farction had a relative variance of 2.1 + 0.5 
(mean + standard deviation [SD]) at QRS offset 
(a window of 40 ms), which was significantly 
lower than that of the healthy volunteers: 2.5 + 
0.33 (mean + SD; p <0.02) at the low-frequency 
band. At the high-frequency band, patients with 
healed infarction had a significantly higher rela- 
tive variance than the control subjects at QRS 
onset: 1.95 + 0.58 vs 1.55 + 0.35 (mean + SD; 
p <0.005). A model based on the numerous mi- 
nor conduction abnormalities that exist in the 
chronically ischemic myocardium is presented to 
explain the changes in variance at the onset and 
offset of the QRS. The variance changes de- 
scribed can eventually serve as quantitative in- 
dexes of myocardial injury and electrical stability 
in patients with ischemic heart disease. 

(Am J Cardiol 1991;68:725-—728) 
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ment can be demonstrated in healed myocardial 

infarction. One involves delayed activation that 
is stable and fixed in time. Such an abnormality can 
easily be detected by the current electrocardiographic 
(ECG) averaging techniques. Numerous studies have 
correlated the presence of fixed and reproducible de- 
layed activity with subsequent lethal arrhythmias and 
mortality.!-4 The second type of electrophysiologic de- 
rangement is not accessible to the current averag- 
ing techniques. This involves unstable and constantly 
changing patterns of delayed activity, documented in 
numerous experimental investigations using direct re- 
cording from the heart. Such unstable and variable pat- 
terns of electrophysiologic activity, from beat to beat, 
have been demonstrated in acutely ischemic myocardi- 
um.° In chronic healed myocardial infarction, the fixed 
and delayed reproducible activity may become unstable 
and variable from beat to beat by various stress stimuli 
(such as catecholamines and rapid rate pacing). How- 
ever, theoretically one would expect beat-to-beat vari- 
ability in the electrocardiogram to occur in patients 
with healed myocardial infarction, even without stress- 
ing the heart. This beat-to-beat variability may arise 
from the increased dispersion of electrophysiologic 
characteristics present in healed infarction myocardi- 
um. Under such conditions, propagation of the electri- 
cal activation of each beat is dependent on the route of 
propagation of the previous beat. Therefore, propaga- 
tion of activation may travel through different routes 
for each heartbeat, causing the ECG morphology to 
become beat variable. 

Because it is impossible to record these individual 
small beat-to-beat variations associated with myocardi- 
al injury, we designed a system to measure the degree 
of variability at different regions of interest within the 
QRS complex. The present study was designed to in- 
vestigate whether indeed individual beat-to-beat vari- 
ability in the ECG morphology exists in patients with 
recent healed myocardial infarction. 


T wo basic types of electrophysiologic derange- 


METHODS 

Patient selection: We recorded ECG signals in 30 
normal male volunteers and in 49 men with healed 
myocardial infarctions after each gave signed informed 
consent. The mean age + standard deviation of the 
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normal volunteers was 57 + 7 years. All had a negative 
history of cardiovascular disease, normal physical ex- 
amination and a normal standard electrocardiogram, 
and were receiving no medication at the time of the 
study. Patients with healed myocardial infarction had a 
mean age of 64 + 11 years. All patients with healed 
myocardial infarction had a history of a Q-wave myo- 
cardial infarction (Minnesota code for resting electro- 
cardiogram Q and QS patterns) occurring 4 to 24 
weeks before the study. All were in a stable state and 
did not have signs of conduction abnormality in the 
standard ECG recordings. Twenty-five patients had 
had anterior myocardial wall infarcts; 17 patients had 
had diaphragmatic or posterior wall infarcts, and 7 pa- 
tients had had both anterior and diaphragmatic or pos- 
terior wall infarcts. All recordings were performed in 
subjects resting in the supine position. 
Electrocardiographic recording technique: The 
high-fidelity electrocardiograms of the normal volun- 
teers and of the patients were recorded with the same 
instrumentation and at the same clinic. Three pairs of 
silver-silver chloride electrodes (lead lock) were applied 
along 3 orthogonal directions (X, Y and Z) and con- 
nected to a specially designed differential amplifier 
(gain 1,000 to 50,000, band-pass 3 to 600 Hz) with an 
internal noise of <1 uV. Amplified electrocardiograms 
were digitized on-line using a 12-bit A/D converter 
(quantization of 0.5 uV) at a sampling rate of 1 kHz. 
Averaging technique: To average consecutive QRS 
complexes, it is essential to align them properly; there- 
fore, we used the following cross-correlation technique: 
A user-defined fiducial point on a representative ECG 
complex was used as a template for cross-correlation 
and error-function algorithms. A local correlation max- 
imum was searched for as an index of the correct rela- 
tive temporal position in the following beats. We man- 
ually validated that the selected beats were all normal 


INTERACTIVE 
FIDUCIAL POINT SELECTION 













v 
RELATIVE TEMPORAL POSITIONS 


612 ms WINDOW PREPARATION 






FIGURE 1. Data analysis flow chart. 





sinus rhythm beats. Once identified, a window 512-ms 
wide was set with the peak of the QRS complex at 150 
ms from its beginning. Forty consecutive temporally fit- 
ted windows of normal sinus beats were then subjected 
to average and variance calculation after applying 2 
FIR band-pass filters (4 to 40 and 60 to 120 Hz). The 
time-domain variance was calculated as: 


J=N 
o; = 1/N 2 (S; TT A)’ (1) 
j=1 


where i denotes the temporal position within the ECG 
complex (1 . . . 512), j denotes the beat index (1... 
N), and S and A are the raw and the time-domain- 
average ECG signals, respectively. 

Points Q and J on the QRS complex were manually 
identified in the averaged electrocardiogram. Then, 
windows 20-, 40- and 80-ms long were set 10, 20 and 
40 ms before the Q and J points, respectively. We de- 
fined relative variability of a specific window as: 


i=a+8 i=512 
o, = 1/5: Lao, (2) 
isan T= 


where i denotes the temporal position (in ms) within 
the processed ECG window, i = 150 ms represents the 
peak of the R wave, a denotes the starting point of the 
window of interest, and 6 denotes its length. 

The data-processing procedure used is summarized 
in Figure 1. 

The values of the relative variability recorded from 
the 3 different recording leads (X, Y and Z) were geo- 
metrically composed to give a representative composite 
relative variance value, o(w),: 


o(w), = v(0,(w), + o,(w), + o(w),) 63) 


Statistical analysis: Group data are reported as 
mean + standard deviation. Student’s ¢ test was used to 
determine statistical significance of differences between 
the patients and control group. For a p value <0.05 
was considered statistically significant. 


RESULTS 

The low- (4 to 40 Hz) and high-frequency (60 to 
120) ECG signals of the patients and of the control 
group were similar. 

QRS offset: Using 20-ms windows in the vicinity of 
the QRS offset, we found that the low-frequency elec- 
trocardiograms of the patients with healed infarction 
had a significantly lower relative variance than those of 
the controls: 1.73 + 0.14 vs 2.02 + 0.17 (p <0.01). 
Similar results were obtained when 40- and 80-ms win- 
dows were used in the vicinity of the QRS offset: 1.72 
+ 0.12 vs 2.08 + 0.14 (p <0.005) and 1.79 + 0.15 vs 
2.35 + 0.14 (p <0,0001), respectively (Figure 2). In 
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contrast, the relative variance of the high-frequency 
electrocardiograms in the vicinity of the QRS offset 
was similar in the 2 groups (1.59 + 0.2 vs 1.57 + 0.06) 
regardless of the window used. 

QRS onset: The relative variance of the low-fre- 
quency ECG signals in the vicinity of the QRS onset 
was similar in both groups (1.94 + 0.07 vs 1.98 + 0.19; 
p >0.6) regardless of the time window used. However, 
the high-frequency electrocardiograms of the patients 
with healed myocardial infarction had a significantly 
higher relative variance in the vicinity of the QRS onset 
when a 20-ms window was used: 1.88 + 0.44 vs 1.36 + 
0.18 (p <0.001); similar results were obtained using 
40-ms windows: 1.95 + 0.58 vs 1.55 + 0.35 (p< 
0.005). Further lengthening of the averaged window to 
80 ms diminished the difference between patients with 
healed myocardial infarction and control subjects to 
2.18 + 0.21 vs 1.97 + 0.43 (p >0.2) (Figure 3). 


DISCUSSION 

The electrophysiologic consequences of healed in- 
farction were recently reviewed by Janse and Wit.’ An- 
atomic and physiologic alterations of the diseased myo- 
cardium affect the integrity and homogeneity of im- 
pulse conduction. Usually, the ultrastructure of the 
Purkinje cells that form the endocardial border zone is 
normal 1 to 2 months after the infarction, as are the 
transmembrane potentials. However, dense subendo- 
cardial fibrosis distorts the geometric arrangement of 
the intercellular connections.? High-resolution mapping 
with microelectrodes can detect multicomponent (frac- 
tionated) Purkinje electrograms caused by conduction 
block. Similar changes have been observed in epicardial 
muscle specimens where the muscle cells have become 
trapped in the dense scar tissue formed from the infarct 
below.!° The changes in conduction properties are 
closely related to the structural changes that occur dur- 
ing infarct healing.!°-!* From activation maps of small 
preparations of the epicardial border zone, slow activa- 
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FIGURE 2. Beat-to-beat relative variance of low-frequency (4 
to 40 Hz)-filtered electrocardiographic signal. *p <0.02. 





tion, loss of directional differences, distortion of disk 
connections and loss of parallel fiber orientation have 
been noted.!®!! Fractionated electrograms recorded in 
these regions in vivo suggest slow and discontinuous ac- 
tivation,'3-!> which often changes from beat to beat. 
The overall effect of such minor conduction inhomo- 
geneities is usually unrecognized in the conventional 
body-surface ECG tracing unless a major conduction 
defect or a large scarred area exists. However, such in- 
homogeneities may increase the likelihood of probabilis- 
tic events during the electrical activation of the myocar- 
dium. 

The objective of the present study was to search for 
deviations from the stable, beat-invariant electrical ac- 
tivity of the myocardium using body surface recordings. 
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FIGURE 3. Beat-to-beat relative variance of high-frequency 
(60 to 120 Hz)-filtered electrocardiographic signal. 
*p <0.005. 
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FIGURE 4. Hypothetical conducting matrix mottled with min- 
ute nonconducting islands (empty boxes). An activation wave 
front is propagating from left to right, starting from 13 
sources. After blockade of 3 pathways by the 

islands, bifurcations (asterisks) are formed. Note that 13 
sources are activating 9 (a to i) targets. 
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We expected increased probabilistic events brought 
about by electrophysiologic inhomogeneities to increase 
the beat-to-beat variability of the electrocardiogram. 
Therefore, we studied the stability of the electrical ac- 
tivity of the myocardium at the onset and offset of the 
QRS complex, i.e., at times corresponding to the phases 
of propagation of cellular depolarization and early repo- 
larization into the isoelectric state. We studied these 2 
time-domain areas at 2 frequency-domain bands: high 
(60 to 120 Hz) and low (4 to 40 Hz) frequency. 

QRS onset beat-to-beat variability: [n a stationary 
(time-domain) and homogeneous conducting system, 
the activated pathways through the excitable cells are 
usually similar for consecutive beats. However, in isch- 
emia, in which the myocardium and the conducting 
system are mottled with multiple irregular islands of 
severely depressed and even unexcitable myocardium,!® 
propagation of activation may become discontinu- 
ous.!3-!5 The inactivated areas created beyond the non- 
functioning areas may be invaded by | of the adjacent 
propagating pathways (Figure 4). In such cases, a new 
and short-lived propagation direction is invoked by the 
invading pathway. Morphologically, this malfunction- 
ing area will result in the formation of a functional “bi- 
furcation” of the invading pathway, since 2 adjacent 
pathways stem from | undisturbed pathway (Figure 4). 

As there are several possible adjacent pathways that 
can invade the nonfunctioning area, the spatial direc- 
tion of the invading vector varies. In this phase, the 
measured electrical activities can only be described 
in probabilistic terms. Thus, a beat-to-beat activation 
propagation variability may reflect these subtle unsta- 
ble conduction bifurcations, which are created only dur- 
ing the propagation of activation. 

QRS offset beat-to-beat variability: On termination 
of propagation of the activation wave front, the ear- 
ly repolarization and plateau phases follow. In these 
phases there are only negligible potential differences be- 
tween adjacent cells of the myocardium, and the stan- 
dard electrocardiogram reflects these as an “isoelectric 
potential.” However, with a high-resolution electrocar- 
diogram, it can be demonstrated that electrical activity 
is still present during this phase. In normal myocardi- 
um, each area begins its early repolarization phase at a 
different time because of the inherent variability of the 
conducting pathways. 

Each repolarizing cell in a homogeneous conducting 
matrix can be specifically traced backward to its acti- 
vating source. However, after propagation through a 
nonhomogeneous matrix such as the ischemic myocar- 
dium, the pathways are blocked by nonfunctioning 
areas, and the functioning pathways bifurcate and acti- 
vate more targets (with respect to propagation of the 
activation through the myocardium, the so-called “‘tar- 
get” cells comprise the majority of the myocytes, and 








the “sources” are the conducting system elements). 
Therefore, more cells are activated by a common 
source in diseased rather than normal homogeneous tis- 
sue, which increases the coherence of cell activation 
during repolarization (Figure 4). 

Clinical significance: The characteristics of beat-to- 
beat variability at the onset and offset of the QRS com- 
plex, as described in this study, shed new light on the 
electrophysiology of healed myocardial infarction. Beat- 
variant morphologies of the QRS may correlate with 
myocardial electrical instability and thus may be fur- 
ther developed into a new noninvasive technique with a 
clinically important predictive value for ventricular ar- 
rhythmias. 
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To evaluate the significance of ischemic ST de- 
pression without anginal chest pain during exer- 
cise testing among patients with diabetes melli- 
tus, the data on 45 such patients from the Coro- 
nary Artery Surgery Study registry were 
analyzed. These patients (group 1, silent isch- 
emia) were compared with 37 diabetic patients 
with both ischemic ST depression and chest pain 
(group 2, symptomatic ischemia), with 31 dia- 
betic patients without ischemic ST depression or 
chest pain (group 3, no ischemia), and with 429 
patients without diabetes who had silent isch- 
emia during exercise testing. All patients had 
documented coronary artery disease (CAD) 
(>70% diameter narrowing). The 6-year survival 
among patients with silent ischemia was worse 
in diabetic than nondiabetic patients (59 vs 
82%, respectively, p <0.001). By contrast, the 
6-year survival among patients without ischemia 
was similar among diabetic and nondiabetic pa- 
tients (93 vs 85%, respectively, p = 0.476). 
Among diabetic patients, survival at 6 years with 
medical treatment was 59% for group 1, 66% 
for group 2 and 93% for group 3 (p = 0.008), 
Survival among subsets of patients with diabetes 
and silent ischemia (group 1) based on the extent 
of CAD and left ventricular function ranged from 
100 to 32% (p = 0.093). The survival of the 45 
patients with diabetes mellitus and silent isch- 
emia (group 1) treated medically was compared 
with that of 28 patients receiving coronary ar- 
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tery graft bypass surgery. Survival at 6 years 
was enhanced by surgery compared with medi- 
cal treatment among group 1 diabetic patients 
with 3-vessel CAD and either preserved left ven- 
tricular function (85 vs 52%, respectively, p = 
0.080) or impaired left ventricular function (100 
vs 32%, respectively, p = 0.015). These data 
suggest that, among patients with diabetes and 
CAD, silent myocardial ischemia during exercise 
testing adversely affects survival, and that coro- 
nary artery bypass graft surgery improves the 
survival of diabetic patients with silent myocardi- 
al ischemia and 3-vessel CAD. 

(Am J Cardiol 1991;68:729-734) 


for cardiovascular disease and myocardial infarc- 
tion.!? It has been generally believed that, when 
acute myocardial infarction occurs in diabetic patients, 
it frequently is unaccompanied by classic angina pecto- 
ris. The lower frequency of symptoms associated with 
infarction in diabetic patients has been attributed to the 
occurrence of diabetic neuropathy which may damage 
the sensory nerve innervation of the heart and thus in- 
terfere with the transmission along the pain fibers.45 
Asymptomatic myocardial ischemia also has been 
reported to occur more frequently in diabetic patients in 
some studies® but not in others.’-? These studies have 
been limited by the lack of complete angiographic in- 
formation and the absence of follow-up studies for out- 
come. Therefore, we used data from the Coronary Ar- 
tery Surgery Study (CASS) registry to evaluate the 
prevalence and prognostic significance of silent myocar- 
dial ischemia among diabetic patients and to determine 
whether coronary artery bypass graft surgery improves 
survival among subsets of patients with diabetes melli- 
tus and silent ischemia. 


Pie: with diabetes mellitus have a higher risk 


METHODS 
Study design and population: The design, study pro- 
tocol, quality control measures and baseline character- 
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TABLE I| Baseline Characteristics of Patients With and 
Without Diabetes 

With 
Diabetes 
(n = 113) 


Without 
Diabetes 


Variable (ni 1 <32'1) 


88 (78%) 
97 (86%) 


1,149 (87%)* 
1,202 (91%) 


Age <60 years 
Male gender 
CHF score 
0 66 (58%) 
1-2 33 (29%) 
3—4 
Anginal classification 


964 (73%) 
317 (24%) 
14 (12%) 40 (3%)* 
28 (25%) 
52 (46%) 
28 (25%) 
67 (59%) 


423 (32%) 
634 (48%) 
198 (15%) 
832 (63%) 


None 
Class |-II 
Class IlI-lV 
Prior myocardial infarction 
No. of CAs narrowed >70% 
1 29 (26%) 
2 38 (33%) 
3 46 (41%) 
LV score <10 85 (75%) 
LV end-diastolic pressure <18 87 (77%) 
Final exercise stage <2 14 (12%) 


581 (44%)* 
423 (32%) 
317 (24%)* 
978 (74%) 
1,083 (82%) 
66 (5%)* 


*p <0.01. 
CAs = coronary arteries; CHF = congestive heart failure; LV = left ventricular. 





istics of the participating patients in CASS have been 
previously published.!° The trial contained a registry of 
24,959 consecutive patients who underwent coronary 
arteriography at 15 clinical sites (see Appendix) be- 
tween July 1974 and May 1979. This study was based 
on an analysis of 1,434 registry patients who had coro- 
nary artery disease (CAD) documented by coronary 
arteriography and who underwent graded exercise test- 
ing within 1 month of cardiac catheterization. One 
hundred thirteen of the 1,434 patients were considered 
diabetic on the basis of a written medical history of 
treated diabetes. 

Data acquired pertinent to the present investigation 
included detailed information on the patients’ demo- 
graphics, symptomatology, physical examination, re- 
sults of the enrollment cardiac catheterization, and ex- 
ercise test findings at baseline. All patients were pro- 
spectively followed at yearly intervals for a minimum of 
5 years to ascertain health status. Overall, the follow-up 
was 99% complete. 

Exercise testing: All patients underwent a symp- 
tom-limited maximal exercise test using the Bruce pro- 
tocol!! within 1 month of catheterization. The exercise 
test was analyzed for the presence of 21 mm of hori- 
zontal or downward ST-segment depression measured 
at 0.08 second after the J point and for the occurrence 
of anginal chest pain either during exercise or during 
recovery. 

Cardiac catheterization: Selective coronary arteriog- 
raphy and left ventriculography were performed in all 
patients according to a common protocol, and the re- 
sults were analyzed by angiographers at the clinical 





sites according to a standard coding form. Coronary 
lesion severity was estimated based on visual assessment 
of percent diameter reduction. All patients had clinical- 
ly important CAD, defined as 270% narrowing of the 
luminal diameter in either the left anterior descending, 
left circumflex or right coronary arteries or their major 
branches, or 250% diameter narrowing of the left 
main coronary artery. 

A left ventricular contraction score (range 5 to 30) 
was calculated on the basis of a subjective grading of 
left ventricular wall motion from the right anterior 
oblique projection of the left cine ventriculogram, as 
previously reported. !° 

Statistical analyses: Group differences at baseline 
were assessed by the chi-square test for discrete vari- 
ables and by the 2-sample ¢ test for continuous vari- 
ables. Significant differences in survival between groups 
were assessed using the log-rank statistic, computed 
from all the follow-up data.!? Survival curves were cal- 
culated using the life-table method and display all- 
cause mortality.!? The significance of additional vari- 
ables in the survival analysis was assessed by a Cox 
proportional-hazards model. !3 


RESULTS 

Patient groups: The 113 diabetic patients and 1,321 
nondiabetic patients were divided into 3 groups on the 
basis of whether they had anginal chest pain or 2] mm 
of ischemic ST-segment depression during exercise test- 
ing, or both. Group 1 (silent ischemia) consisted of 45 
diabetic and 429 nondiabetic patients who demon- 
strated ischemic ST depression but no angina during 
exercise testing. Group 2 (symptomatic ischemia) con- 
sisted of 37 diabetic and 450 nondiabetic patients who 
had both ischemic ST depression and angina. Group 3 
(no ischemia) consisted of 31 diabetic and 442 nondia- 
betic patients who had neither ST depression nor angi- 
na during exercise testing. The prevalence of silent isch- 
emia during exercise testing was not different in diabet- 
ic and nondiabetic patients (40 vs 33%, respectively, p 
= not significant). 

Baseline characteristics: The baseline demographic, 
clinical, angiographic and exercise test results among 
the 113 patients and 1,321 nondiabetic patients are list- 
ed in Table I. The 2 groups were similar with respect to 
gender, anginal classification, prior myocardial infarc- 
tion, left ventricular score, and left ventricular end-dia- 
stolic pressure. Diabetic patients, however, were older, 
had a higher prevalence of moderate or severe conges- 
tive heart failure, more severe CAD, and a shorter ex- 
ercise capacity. 

The baseline characteristics among the 3 diabetic 
groups are listed in Table II. A significantly higher per- 
centage of patients in group | or 3 were asymptomatic 
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of angina during daily living activities compared with 
group 2 patients. Group 3 patients had less severe CAD 
than group | or 2 patients. 

Predictors of survival: The variables that were se- 
lected by the stepwise Cox proportional-hazards model 
as having the most important impact on survival were 
left ventricular score, impairment by congestive heart 
failure, number of diseased coronary vessels, digitalis 
therapy, group 3 at baseline, left main CAD and dia- 
betes. 

Survival: diabetic versus nondiabetic patients: The 
cumulative 6-year survival rate was 73% for diabetic 
and 83% for nondiabetic patients (p = 0.0001). Sub- 
group analyses revealed that diabetic patients with ei- 
ther silent (group 1) or symptomatic (group 2) isch- 
emia had a lower survival rate than that of nondiabetic 
patients (Figure 1). By contrast, the 6-year survival 
rate among patients without ischemia was not different 
among diabetic and nondiabetic patients. 

Survival among diabetic patients: The cumulative 
6-year survival among diabetic patients was similar for 
patients with either silent (59%) or symptomatic (66%) 
ischemia (Figure 2). By contrast, diabetic patients 
without ischemia on exercise testing had a significantly 
better 6-year survival rate (93%). 

Among diabetic patients with silent ischemia (group 
|), the survival was related to the severity of CAD and 
the left ventricular score (Figure 3). Six-year cumula- 
tive survival ranged from 100% for patients with 1-ves- 
sel CAD to 32% for patients with 3-vessel CAD and 
abnormal left ventricular function (score >10). 

impact of coronary bypass surgery: The 45 patients 
with diabetes and silent ischemia (group 1) who were 
treated medically were compared with 28 diabetic pa- 
tients with silent ischemia who underwent coronary ar- 
tery bypass graft surgery. The variables that were inde- 
pendent predictors of survival among these 73 diabetic 
patients with silent ischemia were digitalis therapy, left 
main CAD and a history of smoking. In addition, an 


FIGURE 1. Cumulative survival for diabet- 
ic and nondiabetic patients. Survival was 
worse in diabetic patients with silent 
(group 1) or symptomatic (group 2) isch- 
emia, but was similar in nondiabetic pa- 
tients without ischemia (group 3). 
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TABLE li Baseline Characteristics of Diabetic Patients 
(groups 1 to 3) 


Variable 


Age <60 years 
Male gender 
CHF score 
0 
1-2 
3—4 
Anginal classification 
None 
Class |-II 
Class III—IV 
Prior MI 
Insulin therapy 
No. of CAs narrowed >70% 
1 
2 
3 
LV score <10 


Group 1 
(n = 45) 


33 (73%) 
37 (82%) 


22 (49%) 
14 (31%) 
9 (20%) 


15 (33%) 
16 (36%) 
12 (27%) 
26 (58%) 

9 (20%) 


7 (16%) 
15 (33%) 
23 (51%) 
29 (64%) 


LV end-diastolic pressure <18 35 (78%) 


Final exercise stage <2 


*p <0.01 versus group 1. 


6 (13%) 


Group 2 
(n = 37) 


26 (70%) 
34 (92%) 


25 (68%) 
8 (22%) 
4 (11%) 


O (0%)* 
23 (62%)* 
13 (35%) 
20 (54%) 

4 (11%) 


4 (11%) 
13 (35%) 
20 (54%) 
30 (80%) 
29 (78%) 

7 (19%) 


Group 3 
(n= 31) 


29 (94%) 
26 (84%) 


19 (61%) 
11 (36%) 
1 (3%) 


13 (42%) 
13 (42%) 
3 (10%) 
21 (68%) 
8 (26%) 


18 (58%)* 

10 (32%) 
3 (10%)* 

26 (84%) 

23 (74%) 
0 (0%) 


CAs = coronary arteries; CHF = congestive heart failure; LV = left ventricular; MI = 


myocardial infarction. 








independent beneficial effect of surgical therapy was 
found. 

The survival rate among group | diabetic patients 
was significantly higher in patients undergoing coro- 
nary artery bypass surgery than in those who were 
treated medically (Figure 4). The greatest impact of 
surgery occurred among patients with 3-vessel CAD 
with either preserved or abnormal LV function (Fig- 
ure 4). 


DISCUSSION 

Patients with diabetes mellitus and CAD are 
thought to have a higher frequency of painless myocar- 
dial ischemia and infarction. In a survey of the preva- 
lence of angina among patients admitted for acute 
myocardial infarction, Bradley and Schonfeld'* found 
that chest pain was either milder or absent in most 


Group 3 


sg. g 93% 


82% 


“959% 
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Non-diabetic 
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diabetic patients. This finding was confirmed by data 
from the Framingham Heart Study which found that 
asymptomatic Q waves were seen more often in diabet- 
ics during biennial screening electrocardiograms.!° Au- 
topsy studies also found a significantly higher frequency 
of diabetes mellitus among patients with a clinically un- 
recognized myocardial infarction. !6 

Prior studies on silent myocardial ischemia: Several 
studies have evaluated the hypothesis that painless isch- 
emia is more common among diabetic than nondiabetic 
patients undergoing exercise testing. Smith et alë found 
that there was no difference in the prevalence of silent 


93% Group 3 


% Survival 


"2 66% Group 2 
oa 
5a 59% Group 1 


CAD 
1-vessel 


2-vessel 


2-vessel 
3-vessel 


% Survival 


3-vessel 











myocardial ischemia between diabetic and nondiabetic 
patients undergoing exercise testing soon after myo- 
cardial infarction. Chipkin and co-investigators’ also 
showed that there was no difference in the frequency of 
painless myocardial ischemia during exercise testing be- 
tween patients with and without diabetes (54 vs 47%, 
respectively). By contrast, Nesto et al, who evaluated 
100 consecutive patients with ischemia during exercise 
thallium scintigraphy, found that painless ischemia was 
present in a significantly higher percentage of diabetic 
(72%) than nondiabetic (32%) patients. However, no 
differences in the extent of retinopathy, nephropathy or 


ST$ Angina 


FIGURE 2. Cumulative survival in diabetic 
patients in groups 1 through 3. The 6- 
year survival was similar for patients in 
groups 1 and 2. Group 3 patients had a 
substantially better 6-year survival. 


LV Score 
210 or >10 


FIGURE 3. Cumulative survival among di- 
abetic patients with silent ischemia (group 
1) based on the severity of coronary ar- 
tery disease (CAD) and left ventricular 
(LV) score. Six-year survival was better in 
patients with limited CAD and preserved 
LV function (score <10), and worse in pa- 
tients with severe CAD and poorer LV 
function (score >10). 
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FIGURE 4. Cumulative survival for medi- 
cally and surgically treated diabetic pa- 
tients with silent ischemia according to se- 
verity of coronary artery disease (CAD) 
and left ventricular (LV) function. Coro- 
nary artery bypass graft surgery im- 
proved 6-year survival compared with 
Ba 32% medical therapy not only for the entire 
population but also for subsets of patients 
with 3-vessel CAD and either preserved 
(score <10) or abnormal (score >10) LV 
function 


732 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 SEPTEMBER 15, 1991 








peripheral neuropathy were seen between the 2 groups 
of patients. Our results, using a large data base from 
the CASS registry, found no significant differences in 
the frequency of painless ischemia between diabetic and 
nondiabetic patients. Of note, all patients in this study 
were referred for coronary angiography. Our results do 
not exclude the possibility that painless ischemia may 
occur more frequently in diabetic patients not undergo- 
ing cardiac catheterization. 

Survival in diabetic patients with myocardial isch- 
emia: Patients with diabetes mellitus and CAD have 
been reported to have an increased mortality risk.'7~!? 
Our results also confirmed the potent risk of diabetes 
for mortality, but showed an independent effect of isch- 
emia during exercise testing on mortality. When myo- 
cardial ischemia (whether painless or symptomatic) 
was present during exercise testing, the long-term sur- 
vival among diabetics was worse than that of nondia- 
betics. By contrast, when ischemia was absent, there 
was no greater mortality risk for diabetic patients. 
These findings extend the results of Ranjadayalan et 
al? who showed that, among diabetic patients with 
symptomatic CAD, the perception of angina after the 
onset of exercise-induced ST-segment depression was 
significantly delayed compared with that of nondiabetic 
patients. They suggested that the prolonged anginal 
perceptual threshold in diabetics may deprive such pa- 
tients of the warning symptoms necessary to stop exer- 
cising, thus intensifying the ischemia and perhaps wors- 
ening the prognosis. We found that ischemia during ex- 
ercise testing in diabetic patients was associated with a 
significantly higher adverse effect on survival. However, 
our results do not confirm the hypothesis that diabetics 
with painless ischemia were at a higher risk of dying 
than diabetics who had angina associated with isch- 
emia. 

Predictors of survival: The outcome of diabetic pa- 
tients with silent ischemia in our study was markedly 
influenced by certain angiographic variables. Both the 
severity of CAD and the function of the left ventricle at 
baseline were potent predictors of survival. This risk 
stratification among diabetic patients with silent isch- 
emia also helped identify a subgroup of diabetic pa- 
tients whose survival was improved after coronary ar- 
tery bypass graft surgery. Although surgery was associ- 
ated with improved survival of diabetic patients with 
silent ischemia compared with medical therapy, it had 
its greatest impact among patients with 3-vessel CAD. 
In this subgroup, the data suggest a beneficial effect 
from surgery among diabetic patients with either pre- 
served or abnormal left ventricular function. 

Study limitations: Our results are limited to diabetic 
patients who were referred for cardiac catheterization 
and who were able to undergo exercise testing. Thus, 
our findings may not be applicable to other symptomat- 








ic diabetic patients whose coronary anatomy and left 
ventricular function have not been evaluated, to asymp- 
tomatic diabetic patients, or to unstable diabetic pa- 
tients who cannot undergo exercise testing. The defini- 
tion of silent myocardial ischemia, moreover, was based 
on the absence of angina during exercise testing. It is 
possible that our results may have been different if am- 
bulatory electrocardiographic monitoring was used to 
assess the occurrence of silent ischemia. Finally, the de- 
cision to perform coronary artery bypass graft surgery 
among diabetic patients with silent ischemia was not 
randomized in this study, and the number of patients 
undergoing surgery was small. Thus, conclusions about 
the impact of coronary bypass surgery in our study 
must be interpreted with caution. 
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Asymptomatic Myocardial Ischemia During 
Percutaneous Transluminal Coronary 


Angioplasty and Importance of Prior Q-Wave 
Infarction and Diabetes Mellitus 


Bradley G. Titus, MD, and C. Todd Sherman, MD 


Eighty-eight patients undergoing percutaneous 


transluminal coronary angioplasty (PTCA) of 
100 stenoses were studied for the presence of 
factors deemed significant in the etiology of si- 
lent myocardial ischemia. Thirty-two patients 
were asymptomatic during balloon dilations of 
36 arteries, and 56 patients had angina during 
PTCA of 64 arteries. There were no differences 
in age, sex, prior anginal history, antianginal 
regimen, extent of coronary artery disease and 
number or duration of inflations between the 2 
study groups. Previous infarction (33 vs 12%, p 
<0.02), Q waves in the target area (31 vs 7%, 

p <0.005) and diabetes mellitus (36 vs 17%, p 
<0.05) were present more often in the asymp- 
tomatic group. Sixty-four% of all asymptomatic 
patients had either diabetes or previous infarc- 
tion in the target territory. Collateral circulation 
was more frequent in asymptomatic patients, 
probably reflecting the ability of collateral arter- 
ies to ameliorate ischemia. During 2-vessel 
PTCA, patients without angina during dilation of 
only 1 of the 2 treated arteries (discordant re- 
sponders) had previous infarction in that artery’s 
territory (5 of 5, 100%), whereas patients with- 
out previous infarction were either symptomatic 
or asymptomatic (concordant responders) during 
PTCA of both arteries. 

This study shows that asymptomatic ischemia 
occurs frequently during PTCA in patients with 
symptomatic coronary disease. Prior Q-wave in- 
farction and diabetes mellitus are important, in- 
dependent factors associated with painless isch- 
emia. It is suggested that infarction produces a 
localized dysfunction of afferent cardiac pain fi- 
bers, whereas diabetes can cause a global cardi- 
ac sensory neuropathy. 

(Am J Cardiol 1991;68:735-739) 
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Ithough the existence of silent ischemia is well 
Aes the mechanisms responsible for its 

occurrence are poorly understood. Data sug- 
gest that silent ischemic episodes aré usually produced 
by impaired myocardial oxygen supply rather than by 
increased oxygen demand.' Nevertheless, a compelling 
explanation for the absence of pain during some isch- 
emic episodes remains lacking. Many investigators be- 
lieve that neurohumoral mechanisms are fundamental 
to the genesis of the syndrome.” Patients with diabetes 
mellitus are at increased risk of silent myocardial in- 
farction,* perhaps as a result of an underlying cardiac 
sensory neuropathy.56 A defective “warning system” 
secondary to anatomic or functional cardiac denerva- 
tion also may explain why cardiac transplant or postin- 
farct patients may have no angina despite significant 
ischemic coronary artery disease. 

Similar to naturally occurring silent ischemia, bal- 
loon occlusion during percutaneous transluminal coro- 
nary angioplasty (PTCA) causes transient regional 
myocardial ischemia by reducing coronary blood flow 
while myocardial oxygen demand remains unchanged. 
Although electrocardiography frequently confirms the 
presence of ischemia during PTCA, concomitant angi- 
na is a variable finding. To identify factors associated 
with silent ischemia in this setting, we analyzed the 
clinical, electrocardiographic, angiographic and proce- 
dural variables in patients undergoing PTCA. 


METHODS 

Study patients: All patients undergoing PTCA at 
the UCLA Medical Center from August 1989 to April 
1990 were considered for enrollment into this study. To 
be eligible, evidence of viable myocardium subserved by 
the intended PTCA artery had to be documented by at 
least 1 of 2 sets of criteria: (1) exercise thallium-201 
scintigraphy with either partial or complete redistribu- 
tion, positron emission tomography revealing perfusion- 
metabolism mismatch, or absence of segmental akine- 
sia/dyskinesia in the targeted area by either contrast 
left ventriculography or 2-dimensional echocardiogra- 
phy; or (2) PTCA with transient ST-segment elevation 
(>0.1 mV measured 40 ms after the J point) or depres- 
sion (>0.1 mV measured 80 ms after the J point), 
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TABLE I Clinical, Electrocardiographic and Angiographic 
Characteristics of 88 Patients Undergoing Angioplasty of 100 
Coronary Vessels 


Asymptomatic Symptomatic 
(PTCA vessels = 36) (PTCA vessels = 64) 


Patient characteristics 
Age (years) 
Men/women 
NYHA anginal class 

Class 1 

Class 2 

Class 3—4 
Hypertension 
Hypercholesterolemia 
Tobacco usage 
Diabetes mellitus 
MI in target area 
Q wave in target area 

Medication usage 
Calcium antagonists 
B blockers 

Angiographic variables 


61+12 


28 (78%)/8 (22%) 


6 (17%) 
10 (28%) 
20 (55%) 
21 (59%) 
16 (44%) 
16 (44%) 
13 (36%)* 
12 (33%)t 
11 (31%)ł 


29 (81%) 
4 (11%) 


2+0.8 


64+ 10 


43 (67%)/21 (33%) 


12 (19%) 
16 (25%) 
36 (56%) 
37 (58%) 
32 (50%) 
22 (34%) 
11 (17%) 
8 (12%) 
4 (7%) 


55 (86%) 
11 (17%) 


2+0.8 


No. of coronary arte- 
ries > 50% diameter 
reduction 

Collaterals to target 
area 

Resting wall motion 
abnormality in target 
area (%) 

*p <0.05; tp <0.02; tp <0.005. 
§9 patients without wall motion assessment. 


MI = myocardial infarction; NYHA = New York Heart Association; PTCA = 
percutaneous transluminal coronary angioplasty. 


4 (11%) 1 (2%) 


14 (52%)§ 17 (31%)§ 





or with new, symmetric T-wave inversion (amplitude 
>0.1 mV). Patients (n = 5) with an uninterpretable 
electrocardiogram owing to the presence of left bundle 
branch block were included in the study only if they 
satisfied the first set of criteria. Similarly, patients (n = 
18) without assessment of left ventricular wall motion 
before PTCA were accepted into the study if other cri- 
teria of tissue viability were met. Overall, an exercise 
stress test or positron emission tomographic imaging 
was performed in 44 and 55% of the asymptomatic and 
symptomatic groups, respectively. In the asymptomatic 
group, 22% met only the first set of criteria, 22% only 
the second set and 56% both sets, versus 19, 16 and 
66% in the symptomatic group, respectively. 

Clinical, electrocardiographic, angiographic and 
procedural variables were analyzed for each patient. 
Clinical variables included age, sex, New York Heart 
Association functional classification, antianginal medi- 
cation, coronary risk factors including hypertension 
(systolic blood pressure >160 mm Hg or diastolic blood 
pressure >90 mm Hg, or both), hypercholesterolemia 
(serum cholesterol >240 mg/dl) and current tobacco 
use. History of myocardial infarction was recorded only 
if substantiated by an appropriate rise in serum en- 
zymes (creatine kinase > twice normal) or by electro- 
cardiographic abnormalities. Infarctions were classified 
by the presence or absence of Q waves (duration >0.03 





seconds) on the standard 12-lead electrocardiogram re- 
corded within 24 hours before the procedure. All pa- 
tients diagnosed as diabetic were treated with insulin or 
oral hypoglycemic therapy for at least 6 weeks before 
PTCA. Although not intentionally excluded, no patient 
had diet as the sole therapy for diabetes. 

The angiographic variables analyzed included the 
number of diseased (>70% stenosis) major coronary 
arteries and the presence of collateral flow to the distal 
coronary bed at baseline. Resting regional wall motion, 
assessed by either contrast ventriculography or 2-di- 
mensional echocardiography, characterized myocardi- 
um as viable (normal and hypokinetic wall segments) 
or infarcted (akinetic and dyskinetic). To assess the ex- 
tent and severity of balloon-induced ischemia we exam- 
ined percent diameter stenoses before and after PTCA, 
heart rate and systemic arterial pressure during balloon 
inflation, maximal number of balloon inflations, longest 
single inflation time and total balloon inflation time. 
We recorded the dosages of narcotic analgesics and in- 
travenous nitroglycerin administered before and during 
the procedure to control for medical therapy known to 
reduce pain perception and myocardial ischemia. 

Coronary balloon angioplasty: One of 2 experienced 
interventional cardiologists performed all procedures 
using the femoral approach and standard techniques. 
For each artery dilated, we performed at least one 60- 
second balloon dilation. During each inflation, the pa- 
tient was routinely questioned about the presence of 
PTCA-associated ischemic discomfort, defined as any 
chest, jaw, throat, shoulder or arm discomfort that was 
initiated with balloon inflation and was dissipated upon 
deflation, regardless of severity. A continuous 3-lead 
electrocardiogram was monitored and recorded during 
each dilation. 

Statistical analysis: All continuous variables are 
expressed as mean + standard deviation. Statistical 
comparisons were evaluated using unpaired Student’s 
t test. Differences in clinical characteristics between the 
asymptomatic and symptomatic groups were evaluated 
using either chi-square analysis or Fisher’s test. Statisti- 
cal significance was defined as a p value <0.05. 


RESULTS 

During the study period, 118 consecutive patients 
undergoing PTCA of 133 arteries were considered for 
enrollment. We excluded 33 arteries in 30 patients be- 
cause of failure to meet either of the above mentioned 
sets of criteria for tissue viability (n = 2), ongoing isch- 
emic chest pain on arrival to the catheterization labora- 
tory before PTCA (n = 4), acute or chronic occlusion 
of the targeted artery (n = 17), guide catheter-induced 
ischemia of a nontargeted artery (n = 2), inability to 
assess chest pain because of a language barrier or im- 
paired mentation (n = 6) and the use of investigational 
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TABLE II Procedural Variables of 100 Coronary Vessels in 88 
Patients 


Asymptomatic Symptomatic 
(PTCA vessels = 36) (PTCA vessels = 64) 


Location of target artery 
Left anterior descending 13 (36%) 
Left circumflex 12 (33%) 


37 (58%) 
14 (22%) 
13 (20%) 


Right 11 (31%) 
Premedications 
Morphine sulfate (mg) 


0.5 + 0.9 
Nitroglycerin (g/min) 92 + 84 
No. of inflations per lesion HE 22 
Longest single inflation 136 + 120 
(sec.) 
Total duration of inflations 406 + 315 
(sec.) 
Hemodynamics during PTCA 
Heart rate (beats/min) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 
ECG changes during in- 
flation 
Percent stenosis of lesion 
Before PTCA 82 +12 78+ 12 
After PTCA 23 +14 24+11 
*] patient with left bundle branch block; t4 patients with left bundle branch block. 


BP = blood pressure; ECG =electrocardiogram; PTCA = percutaneous transluminal 
coronary angioplasty. 


0.6 + 1.1 
99 + 76 
5.6 + 3.3 
104 + 45 


394 + 250 


71+14 70 + 14.3 
141 + 24 137: +:26 

71+9.7 68+9 
27 (77%)* 48 (80%)t 





intracoronary devices (n = 2). One hundred arteries in 
88 patients met the inclusion criteria and form the basis 
of this report. 

Patient characteristics: Thirty-two patients (36%) 
were asymptomatic during all balloon inflations in 36 
coronary arteries (asymptomatic group). Fifty-six pa- 
tients (64%) experienced angina during =1 balloon in- 
flation in 64 arteries (symptomatic group). 

The clinical, electrocardiographic, angiographic and 
procedural variables of both groups are listed in Tables 
I and II. Lack of anginal symptoms before PTCA was 
infrequent, but was reported with similar frequency in 
both groups. Electrocardiographic abnormalities during 


FIGURE 1. Frequency of major discrimi- 
nating clinical factors in the 2 groups of 
patients. ECG = electrocardiogram; MI = 
myocardial infarction. 


Patients (%) 





TABLE Wl Statistical Correlation of Clinical Factors with 
Asymptomatic Ischemia 


Positive 
Sensitivity Specificity Predictive 
Value (%) 


Myocardial infarction 
Q waves 
Diabetes 


Collaterals 
Resting wall motion abnormality 56 
Diabetes or myocardial infarction 64 





balloon inflations were seen often and occurred with 
similar frequency in the 2 groups. 

Figure | shows the prevalence of the 3 major dis- 
criminating clinical variables present in the asymptom- 
atic and symptomatic groups. Previous myocardial in- 
farction, Q-wave infarction in the target area and dia- 
betes mellitus were significantly more frequent in the 
asymptomatic group. Collaterals and regional wall mo- 
tion abnormalities in the distribution of the PTCA ar- 
tery were also more frequent in the asymptomatic 
group, although the differences were not statistically 
significant. Table III lists the sensitivity, specificity and 
positive predictive values for each of these clinical vari- 
ables. 

Prior myocardial infarction (and Q waves): Previous 
infarction in the area subtended by the target vessel 
was almost 3 times as frequent in patients with silent 
ischemia, and Q-wave infarction was 4 times as fre- 
quent compared with the symptomatic group. In all 
such patients, the time from infarction to PTCA was 
similar between groups (average = 7 months, range 4 
days to 4 years). In the asymptomatic group, 11 of 12 
patients (92%) had Q-wave infarcts, compared with 
only 4 of 8 (50%) in the symptomatic group. Since ST- 
segment shifts in the setting of Q-wave infarction may 
not be indicative of myocardial ischemia,’ we reana- 


Asymptomatic Group 
Symptomatic Group 


Q Wave on ECG Diabetes Mellitus 
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lyzed our results after excluding 17 patients (8 asymp- 
tomatic and 9 symptomatic) whose only study entry 
criterion was ST-segment deviation during balloon in- 
flation. Asymptomatic patients were still more likely to 
have a history of infarction (32 vs 10%, p = 0.05) and 
to have Q waves (29 vs 6%, p <0.025) in the target 
zone. 

Diabetes mellitus: Although diabetes was twice as 
prevalent in the asymptomatic group (Figure 1), it was 
equally likely that a diabetic patient would be symp- 
tomatic or asymptomatic during PTCA (46 vs 54%). A 
history of myocardial infarction in the distribution of 
the dilated artery was infrequent in all diabetic patients. 
In the asymptomatic group, 2 of 13 diabetic patients 
(15%) had a previous infarction, and none of the 11 
diabetic patients in the symptomatic group had a previ- 
ous infarct. 

Multivessel PTCA: Twelve patients underwent 2- 
vessel PTCA, 5 of whom displayed discordant and 7 
concordant symptoms during balloon dilation of their 2 
coronary arteries. All 5 patients with discordant symp- 
toms had had a previous infarction in | of the 2 myo- 
cardial regions supplied by the PTCA arteries. All 
these patients remained asymptomatic during balloon 
occlusion of the artery supplying the viable periinfarct 
zone. In stark contrast, angina occurred during all dila- 
tions of the arteries supplying noninfarcted segments. 

Seven patients with 2-vessel PTCA had concordant 
symptoms during balloon dilation of both coronary 
arteries. In contrast to the group with discordant symp- 
toms, no patient had a history of infarction in the target 
areas (100 vs 0%, p <0.05). Four of these 7 patients, 
including 3 with diabetes, described symptoms with ev- 
ery balloon inflation regardless of the artery treated. 
The remaining 3 patients, including 2 with diabetes, 
were asymptomatic during dilation of both arteries. 


DISCUSSION 

Our results, which suggest transient ischemia pro- 
duced by primary reduction in coronary blood flow is 
often unassociated with discomfort, concur with the 
reported prevalence of both naturally occurring and 
PTCA-induced silent ischemia.8-!3 Balloon occlusion of 
a coronary artery was unaccompanied by angina in 
36% of our patients. 

Factors associated with asymptomatic ischemia: 
Our results suggest that the presence of previous infarc- 
tion and diabetes mellitus are important, independent 
factors associated with the syndrome of silent myocar- 
dial ischemia. Neither the extent and severity of coro- 
nary artery disease, the magnitude and duration of 
ischemia during PTCA, the analgesia and antianginal 
effects of medications, nor the success of revasculariza- 
tion significantly influenced the occurrence of silent 
ischemia. 





Role of previous myocardial infarction: A history of 
myocardial infarction in the distribution of the PTCA 
artery had a positive predictive value of 60% for asymp- 
tomatic ischemia. When a patient’s infarction was asso- 
ciated with Q waves, the positive predictive value in- 
creased to 73%. Because strict exclusion criteria al- 
lowed us to study only patients with documented viable 
myocardium in the distribution of the dilated coronary 
artery, lack of symptoms could not be attributed to 
completed infarction. 

Asymptomatic ischemia has been well demonstrat- 
ed in postinfarction patients.!!:!214 Our results con- 
firm these observations and further suggest that the 
magnitude of previous myocardial infarction influences 
whether symptoms will manifest with ischemia. Experi- 
mental studies have shown that after transmural injury, 
the primary neuronal damage in viable periinfarction 
zones is to sympathetic conduction.!>-!® In humans, this 
conduction system is closely associated with cardiac af- 
ferent pain fibers. In contrast, subendocardial infarction 
leads to afferent vagal fiber (parasympathetic) injury, 
sparing the epicardial sympathetic neurons! and, thus, 
the afferent pain pathways. The results of our study 
support this paradigm. A Q-wave infarction, presum- 
ably reflecting transmural injury, was a strong predic- 
tor of silent ischemia during PTCA. In contrast, seg- 
mental hypokinesia in the distribution supplied by the 
PTCA artery, presumably representing nontransmural 
infarction or stunned myocardium, was a weaker pre- 
dictor of asymptomatic ischemia. 

Despite the association of previous myocardial in- 
farction with impaired pain conduction, many patients 
still experience angina after completed infarction. The 
pain impulses in such patients may be mediated by in- 
tact sensory pathways from myocardial beds supplied 
by other coronary arteries distant to the infarction. Our 
data from the subset of patients with discordant pain 
responses during 2-vessel PTCA reinforces this hypoth- 
esis. Thus, in patients with multivessel coronary disease 
and previous myocardial infarction, the location of 
myocardial ischemia may be an important determinate 
of its clinical expression. 

Role of diabetes mellitus: The higher prevalence of 
diabetes mellitus in the asymptomatic group confirms 
the findings of previous studies.'’-!? A concomitant his- 
tory of myocardial infarction did not account for the 
absence of symptoms observed in this group. 

Of the 8 diabetic patients in our study who under- 
went 2-vessel PTCA, 7 had concordant symptoms ei- 
ther displaying pain during all balloon inflations of both 
coronary arteries or remaining asymptomatic during all 
dilations. The only diabetic patient with discordant 
symptoms also had a previous myocardial infarction. 
This patient had no symptoms during balloon dilation 
of the artery serving the area of previous myocardial 
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damage. We speculate that the diabetic process that 
affects the perception of angina is a global cardiac phe- 
nomenon affecting all myocardial regions, in contrast to 
the localized anesthesia occurring after infarction. Al- 
though the presence of diabetes is associated with the 
occurrence of silent ischemia, the positive predictive 
value (54%) is modest. The heterogeneity of pain per- 
ception during myocardial ischemia in our cohort of di- 
abetic patients may reflect the variable presence or ab- 
sence of cardiac autonomic neuropathy.”° 

Role of coronary collaterals: Similar to recent clini- 
cal studies documenting the reciprocal relationship be- 
tween the presence of collaterals during coronary occlu- 
sion and anginal symptoms,*! only 20% of our study 
patients with collateral circulation before PTCA devel- 
oped angina with balloon inflation. A minority of pa- 
tients (40%) with collaterals developed ST-segment de- 
viation during balloon dilation, and, thus, the asso- 
ciation between coronary collaterals and the lack of 
symptoms is likely due to the ability of this alternate 
circulation to reduce or eliminate ischemia. 

Study limitations: [t is unclear if ischemia or pain 
produced during PTCA adequately models naturally 
occurring ischemia or clinical angina pectoris. Even 
when ischemia is irrefutable, the pain associated with 
balloon inflation may be mediated by entirely different 
neurohumoral mechanisms. 

Despite our attempts to equalize the extent and se- 
verity of ischemia for each patient by standardizing bal- 
loon inflation times, more accurate measures may have 
included measurement of diastolic and systolic ventricu- 
lar dysfunction. Nevertheless, other investigators have 
found no significant differences in the extent of jeopar- 
dized myocardium between patients with silent and 
symptomatic ischemias. 13272-23 

In conclusion, previous myocardial infarction and 
diabetes mellitus appear to be important, independent 
factors associated with silent ischemia during PTCA. 
Ischemic- or metabolic-mediated cardiac sensory neu- 
ropathy may explain the lack of symptoms observed in 
these patients. Because patients with prior infarction 
experienced angina during ischemia produced by nonin- 
farct-related arteries, we postulate that infarction can 
cause localized alterations in cardiac afferent impulses. 
Diabetic patients did not exhibit this variability in 
symptoms during multivessel PTCA, suggesting a more 
global phenomenon. Whether similar mechanisms ac- 
count for the lack of symptoms during spontaneous 
myocardial ischemia in patients with coronary artery 
disease remains to be determined. 
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ARRHYTHMIAS AND CONDUCTION DISTURBA 


Efficacy and Safety of Intravenous and Oral 


Propafenone in 


Pediatric Cardiac Dysrhythmias 


Annette Reimer, MD, Thomas Paul, MD, and Hans-Carlo Kallfelz, MD 


Propafenone was administered to 58 patients 


with a mean age of 3.2 years (range 0.1 to 16). 
Mean intravenous dose was 1.2 mg/kg body 
weight (range 0.3 to 1.5 mg). The final mean 
oral maintenance dose was 308 mg/m? body 
surface area (range 200 to 600 mg/m, 16.8 
mg/kg body weight). After intravenous applica- 
tion, propafenone was effective in 21 of 36 pa- 
tients; atrial flutter was converted in 1 of 5 pa- 


ectopic tachycardia was suppressed 
Thirty-seven patients had oral treatment with a 
mean follow-up of 2.2 years. Propafenone was 
effective in 33 of 37 patients (89%); atrial flut- 
ter was controlled in 2 patients, ventricular ec- 
topy was suppressed in 1 of 2 patients. In reen- 
try supraven ‘cular tachycardia, propafenone 
was effective in 25 of 28 patients. Chaotic atrial 
tachycardia (n = 3) and junctional ectopic tachy- 
cardia (n = 2) were controlled after successful 
intravenous therapy- 
. Systemic side effects were rare- Two patients 
developed a proarrhythmic effect, and 1 patient 
with ventricular ectopy after repair of tetralogy 
of Fallot died suddenly during propafenone main- 


tenance therapy- 
(Am J Cardiol 1991;68:741-744) 
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rhythmic drugs because of its sodium channel- 

blocking effect. In addition, propafenone is sup- 
posed to suppress abnormal automaticity due to a weak 
B-adrenoreceptor blocking activity and a weak calcium 
antagonism.’ In adults it is used for a wide range of 
dysrhythmias.”~“ In pediatric patients experience with 
propafenone is limited, especially when used to termi- 
nate dysrhythmias by intravenous application and su- 
praventricular tachycardia due to abnormal automatic- 
ity. 


Pie: is grouped into the Ic class of antiar- 


METHODS 

Study group: From 1982 to 1988, 58 patients with a 
mean age of 3.2 years (range 2 days to 16 years, medi- 
an 3 months) were treated with propafenone in our in- 
stitution. Age distribution is given in Table I. Patients 
with early postoperative dysrhythmias, ie., within the 
first 3 weeks after operation, were not included in the 
study. Structural heart disease was present in 13 pa- 
tients. Four patients had had corrective surgery for con- 
genital heart disease (Table II). In 14 patients, overt 
preexcitation during sinus rhythm was present. In 11 
patients the dysrhythmia had failed to respond to at 
least 1 of the following drugs: verapamil in 6, ajmalin 
in 2, and digoxin, propanolol and amiodarone in l. 
With the exception of digoxin and amiodarone, all anti- 
arrhythmic drugs were discontinued 25 elimination 
half-lives before starting propafenone. In the patient 
who had taken amiodarone the drug had been discon- 
tinued 4 weeks before initiation of propafenone. In the 
remaining 47 patients, propafenone was the first drug 
to begin the antiarrhythmic treatment. 

Propafenone protocol: During the study period, pro- 
pafenone was given intravenously to all patients who 
were seen in our ‘nstitution with an acute dysrhythmia 
requiring medical intervention. In patients who had ef- 
fective termination of their dysrhythmia by intravenous 
propafenone and who had a permanent OF frequently 
recurring dysrhythmia, oral treatment with propafen- 
one was begun. 

All patients were admitted to the hospital for initia- 
tion of therapy. Propafenone was administered intrave- 
nously as a single maximal injection of 1.5 mg/kg over 
a 3-minute period. The injection was stopped if the 
dysrhythmia was terminated. 
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TABLE | Age Distribution of Study Patients (n = 58) achieved. A Partial su P was defined if the tachy ep 
dia changed from a sustained to a nonsustained form. 
Age EIN: Oral therapy with propafenone was considered com- 
0—1 months 24 ive j i i 
14 


EA) th 
1-5 a : 7 flutter were completely suppressed on Holter, pre- 


5—10 years 6 mature ventricular con 
> 10 years 7 


TABLE I Patients with Structural Heart Disease (n = 13) Sustained to a nonsustained form of the dysrhythmia 
and improvement in symptoms 





Preoperative aphic analysis: Electrocardiographic 
-iiaiai skia at saoi Pi Sha s criteria — PR interval, QRS duration and corrected 
-transposition o e great arteri entricular se a . ° 
skeet j d QT interval — were compared before and during treat- 
Dilated cardiomyopathy 1 ment. Patients were excluded from this Comparison if 
Valvar pulmonary stenosis cardi . . 
Single atrium, single ventricle, total anomalous 1 an electr h diogr am recorded during sinus rhythm 
pulmonary venous drainage was not available before and during therapy. 
Ebstein’s anomaly of the tricuspid valve 2 Follow-up: Patients were seen l, 2 6, and 12 
Atrial tumor 1 : 
Atrial septal defect of secundum type 1 months after starting propafenone therapy and then ev- 
Postoperative ery 6 months thereafter. Follow-up visits included re- 
D-transposition of the great arteries Postoperative 3 cording of a l 5-lead electrocardiogram echocardio- 


Mustard repair rahe 
Postoperative tetralogy of Fallot 1 gram, 24-hour Holter monitoring, and blood analyses 


with special regard to hepatic enzymes and hepatic 
TABLE Ill Success after Intravenous Application (n = 36) 
Success 


function. 
es ha PARR 


Complete Partial No 





RESULTS 
Propafenone was administered intravenously in 36 
patients. Twenty-one patients received only a single in- 






Diagnoses 






Atrial flutter (n = 5) 
Reentry supraventricular tachycardia (n = 25) 
Chaotic atrial tachycardia (n = 4) 

Junctional ectopic tachycardia (n = 2) 







The starting dose of oral maintenance therapy was oral maintenance dose was 308 mg/m? body surface 
200 mg/m? body surface area divided in 3 doses for area (16.8 mg/kg body weight) per day, range 200 to 
=3 days. If the dysrhythmia persisted the dosage was 600 mg/m? body surface area (11.2 to 27.7 mg/kg 
increased up to 600 mg/m? body surface area in 100- body weight). 
mg/m? steps in 3-day intervals. In patients with parox- Propafenone efficacy: After intravenous applica- 
ysmal tachydysrhythmias the dose was increased until tion, response in atrial flutter was poor (Table II). In 
prolongation of the QRS complex of 20% was observed supraventricular tachycardia due to a reentry mecha- 
on electrocardiogram. An increase of QRS complex nism, intravenous Propafenone was effective in 60% of 
Prolongation up to 75% was tolerated, the patients, In patients with automatic supraventricy- 

Dosing (mg/kg) for intravenous use was Chosen ac- Jar tachycardia, the effectiveness of intravenous propa- 
cording to a previous report, because this method fenone was variable. Chaotic atria] tachycardia was 
could easily be measured even in emergency situations. completely controlled in l of 4 infants, partially in 2 of 
For oral administration, dosing in mg/m? body surface 4 and not controlled in only 1 of 4. However, junctional 


the main Pharmacokinetic Processes of drug metabo- tients. 


lism in infants and children.§ During the study period, Fifteen of the 36 patients treated intravenously had 
determination of blood levels of Propafenone and its successive oral treatment. Propafenone was Partially or 
metabolites were not available at our institution, completely successful in 8 of 10 patients with supraven- 


Treatment assessment: Propafenone was Considered tricular tachycardia due to a reentry mechanism (Table 
completely effective after intravenous administration if IV). Oral Propafenone was highly effective in patients 
the dysrhythmia was terminated and sinus rhythm was with automatic supraventricular tachycardia. 
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In 22 patients, propafenone was administered only 
orally (Table V). Because of the poor response in pa- 
tients with atrial flutter after intravenous application 
early during the study period, propafenone was admin- 
istered only orally to patients with this dysrhythmia in 
the late study period. In reentry supraventricular tachy- 
cardia propafenone was completely successful in 83% of 
the patients. 

Follow-up: Propafenone was partially or completely 
effective in 33 of 37 patients (89%) who had oral treat- 
ment. Fourteen patients are still taking propafenone af- 
ter a mean of 2.2 years (range 0.3 to 4.2) of treatment. 
In 17 children, including the 5 patients with automatic 
supraventricular tachycardia, oral treatment was dis- 
continued because of spontaneous cessation of the dys- 
rhythmia after a mean of | year of treatment. In | 
patient propafenone had to be discontinued because of 
severe vomiting. A 16-year-old girl after correction of 
tetralogy of Fallot, who received propafenone 300 mg/ 
m? body surface area (10.2 mg/kg body weight) for 
suppression of frequent ventricular couplets, died sud- 
denly after 4 months of treatment. This patient had 
severely impaired right ventricular function due to sig- 
nificant residual right ventricular outflow tract obstruc- 
tion. In 4 patients the drug was not effective. 

Electrophysiologic effects: The major effects seen 
on the electrocardiogram after intravenous application 
were an average increase in PR interval by 7.6% (range 
0 to 33.3) and an increase in QRS duration by 17.4% 
(range 0 to 80). Only 1 patient had an increase in cor- 
rected QT interval to 0.45, which was mainly due to an 
increase in QRS duration. 

During oral treatment mean PR interval was pro- 
longed by 28.1% (range 0 to 60). Only 1 patient devel- 
oped first-degree atrioventricular block. Mean QRS 
complex duration increased by 21.8% (range 0 to 67). 
Corrected QT intervals remained within normal limits 
in all patients. 

Proarrhythmia: In | patient a nonsustained supra- 
ventricular tachycardia changed to a sustained form af- 
ter an injection of propafenone 1.5 mg/kg body weight. 
In another patient the rate of atrial flutter decreased 
after intravenous application of 1.5 mg, and 1:1 atrio- 
ventricular nodal conduction occurred subsequently. 
The patient had to undergo cardioversion because of 
severe hemodynamic compromise. 

Systemic adverse effects: Systemic adverse effects 
were rare. Except in patients with proarrhythmia, no 
significant change in blood pressure was observed after 
intravenous administration. No patient had significant 
impairment of echocardiographic shortening fraction 
during oral therapy. No major elevation of hepatic en- 
zymes was noted. One patient, who took propafenone 
600 mg/m? body surface area had recurrent vomiting. 
Therefore treatment was discontinued. 










TABLE IV Success in Oral Treatment After Intravenous 
Application (n = 15) 





Success 









Diagnoses Complete Partial No 





Reentry supraventricular 
tachycardia (n = 10) 


Chaotic atrial tachycardia 2 1 — 
(n = 3) 
Junctional ectopic tachy- 2 —- -— 


cardia (n = 2) 


Success 


————— 


Diagnoses Complete Partial No 


Atrial flutter (n = 2) 


Ventricular premature complexes/ventricular 
couplets (n = 2) 


Reentry supraventricular tachycardia (n=18) 15 


DISCUSSION 

Studies in adult patients have shown that intrave- 
nous and oral propafenone is an effective drug for pa- 
tients with supraventricular and ventricular tachycar- 
dia.2-4 Data suggest that propafenone may also be use- 
ful in preventing the recurrence of atrial flutter or atrial 
fibrillation in adults.’ 

To our knowledge, our data encompass the largest 
study group of pediatric patients from 1 single institu- 
tion. In our patients intravenous propafenone was par- 
tially or completely effective in 60% of the patients with 
supraventricular tachycardia due to reentry mecha- 
nism. Efficacy of intravenous propafenone in children 
may even be higher as reported by Weber et al® and 
Musto et al. In patients with an accessory atrioventric- 
ular pathway, propafenone is very effective, exerting a 
direct effect by prolonging refractoriness and slowing 
conduction of the pathway.'? The only group of pa- 
tients with a poor response after intravenous propafen- 
one were children with atrial flutter. Of the 4 patients 
who were treated without success, 3 had undergone a 
Mustard procedure. Atrial flutter after an atrial surgi- 
cal procedure, however, may be very resistant to most 
antiarrhythmic drugs.'! 

In the group of children reported by Musto et al,° 
no hemodynamic compromise was seen after intrave- 
nous application. This is in contrast to the present 
study, in which 2 of 36 patients (6%) in our study 
group had adverse effects after intravenous administra- 
tion. 

During oral treatment, propafenone was effective in 
almost all patients who had had successful intravenous 
administration. In our study, propafenone was partially 
or completely effective in almost 90% of the orally 
treated pediatric patients. These results are similar to 
those reported by other investigators.?:!?!° 
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Supraventricular tachycardia in children is generally 
not life-threatening, but in some patients supraventricu- 
lar tachycardia is incessant owing to abnormal automa- 
ticity. These patients may develop cardiomyopathy with 
severe cardiomegaly and congestive heart failure due to 
high mean heart rate.'4!5 In adults, supraventricular 
tachycardia is caused by an ectopic focus in only 2 to 
3% of the patients.!6 However, supraventricular tachy- 
cardia due to abnormal automaticity is more prevalent 
in children than in adult patients.!7 The response 
of these dysrhythmias to conventional antiarrhythmic 
drugs such as verapamil and 8 blockers has been very 
poor.'*-70 In these children, surgical ablation of an atri- 
al ectopic focus or His-bundle ablation had to be per- 
formed.!2? After unsuccessful medical therapy, amio- 
darone has recently been shown to be very effective in 
junctional ectopic tachycardia.” This drug, however, is 
associated with a high rate of severe side effects.!! Our 
data suggest that intravenous and oral propafenone 
may also be effective in the management of supraven- 
tricular tachycardia due to an ectopic focus. These re- 
sults are in accordance with the findings reported by 
Garson et al,° that propafenone has a direct cellular 
electrophysiologic effect against abnormal automaticity. 
This effect may be a special characteristic of the class 
lc drugs because flecainide has also been successful in 
children and adults with automatic supraventricular 
tachycardia.?3-25 

Two patients developed a proarrhythmic effect. An- 
other patient with ventricular couplets after repair of 
tetralogy of Fallot died suddenly after 4 months of ini- 
tial successful oral treatment. At the last Outpatient vis- 
it, surface electrocardiogram showed sinus rhythm and 
there was no significant ventricular ectopy on Holter. 
The cause of her sudden death may have been due to 
her poor hemodynamic status, drug failure or a late 
proarrhythmic event. 

In the present study, propafenone was well tolerated 
with regard to systemic side effects. The incidence of 
adverse effects reported from other investigators differs 
widely. In the study of Musto et al, only 1 of 24 pa- 
tients had an adverse reaction that disappeared after 
dose reduction. Lucet et al!3 found adverse effects in 
27% of their patients, but they stated that propafenone 
was generally well tolerated. Weber et al had side ef- 
fects in 46.9% of the children. They observed that after 
l to 3 weeks of treatment, symptoms disappeared and 
pathologic laboratory data normalized. 

Because of the risk of proarrhythmic effects, propa- 
fenone should be used cautiously in pediatric patients, 
and because sudden death occurred in a patient with a 
poor hemodynamic status more data are needed with 
regard to such patients. 


REFERENCES 


1. Dukes ID, Vaughan Williams EM. The multiple modes of action of propafen- 
one. Eur Heart J 1984;5:115-125. 

2. Breithardt G, Borggrefe M, Wiebringhaus E, Seipel L. Effect of propafenone 
in the Wolff-Parkinson-White syndrome: electrophysiologic findings and long- 
term follow-up. Am J Cardiol 1984;54:29D-39D. 

3. Shen EN, Sung RJ, Morady F. Electrophysiologic and hemodynamic effects of 
intravenous propafenone in patients with recurrent ventricular tachycardia. J Am 
Coll Cardiol 1984;3:129]-1297. 

4. Coumel P, Leclerc JF, Assayag P. European experience with the antiarrhyth- 
mic efficacy of propafenone for supraventricular and ventricular arrhythmias. Am 
J Cardiol 1984;54:60D-66D. 

5. Garson A, Moak JP, Smith RT, Norton J B. Usefulness of intravenous propa- 
fenone for control of postoperative junctional ectopic tachycardia. Am J Cardiol 
1987;59:1422-1424, 

6. Garson A. Dosing the newer antiarrhythmic drugs in children: considerations in 
pediatric pharmacology. Am J Cardiol 1986;57:1405-1407. 

7. Antman EM, Beamer AD, Cantillon C, Mc Gowan N, Goldman L, Friedman 
PL. Long-term oral propafenone therapy for suppression of refractory symptom- 
atic atrial fibrillation and atrial flutter. J Am Coll Cardiol 1988:12:1005- 
1011. 

8. Weber H, Eigster G, Wesselhoeft H. Experience with propafenone in the 
treatment of arrhythmias in pediatric patients. In: Schlepper M, Olsson B, eds. 
Cardiac Arrhythmias: Proceeding of the First International Rytmonorm Con- 
gress. New York: Springer Verlag, 1983:185-190. 

9. Musto B, D’Onofrio A, Cavallaro C, Musto A. Electrophysiological effects and 
clinical efficacy of propafenone in children with recurrent paroxysmal supraven- 
tricular tachycardia. Circulation 1988;78:863-869. 

10. Funck-Brentano C, Kroemer HK, Lee JT, Roden DM. Propafenone. N Engl 
J Med 1990;322:518-524. 

11. Guccione P, Paul T, Garson A. Long-term follow-up of amiodarone therapy 
in the young: continued efficacy, unimpaired growth, moderate side effects. J Am 
Coll Cardiol 1990;15:1118-1124. 

12. Dressler F, Gravinghoff, Griitte E, Jiingst BK, Liersch R, Nomayo H, Puls I, 
Rautenburg HW, Schmaltz A, Schumacher G, Weber H. Die Behandlung von 
Herzrhythmusstérungen mit Propafenon bei Säuglingen und Kindern. Mon- 
atsschr Kinderheilkd 1985;133:154-157. 

13. Lucet V, Do Ngoc D, Fidelle J, Sidi D, Barisse A, Loth P, Vrancea F, Villain 
E, Coumel P. Efficacite anti-arythmique de la propafenone chez l'enfant. Arch 
Mal Coeur 1987;9:1385-1393. 

14. Gillette PC, Smith RT, Garson A, Mullin CE. Curable cause of cardiomyop- 
athy. JAMA 1985;253:391-392. 

15. Packer DG, Bardy GH, Gallagher JJ, Worley SF, Smith MS, German LD. 
Tachycardia induced cardiomyopathy: a reversible form of left ventricular dys- 
function. J Am Coll Cardiol 1984:3:521-524. 

16. Wu D, Denes P, Amat-Y-Leon F, Dhingra R, Wyndham CR, Bauernfield R, 
Latif P, Rosen KM. Clinical, electrocardiographic and electrophysiologic obser- 
vations in patients with Paroxysmal supraventricular tachycardia. Am J Cardiol 
1978:41:1045-1048. 

17. Garson A, Gillette PC. Electrophysiologic studies of supraventricular tachy- 
cardia in children. I. Clinical-electrophysiologic correlations. Am Heart J 
1981;102:233-250. 

18. Mehta AV, Sanchez GR, Sacks EJ, Casta A, Dunn JM, Donner RM. Ectopic 
automatic atrial tachycardia in children: clinical characteristics, management and 
follow-up. J Am Coll Cardiol 1988;11:379-385. 

19. Koike K, Hesslein PS, Finlay CD, Williams WG, Izukawa T, Freedom RM. 
Atrial automatic tachycardia in children. Am J Cardiol 1988;61:1127-1130. 
20. Villain E, Vetter V, Garcia JM, Herre J, Cifarelli A, Garson A. Evolving 
concepts in the management of congenital junctional ectopic tachycardia. Circu- 
lation 1990;81:1544-1549. 

21. Ott DA, Garson A, Cooley DA, McNamara DG. Definite operation for 
refractory cardiac tachyarrhythmias in children. J Thorac Cardiovasc Surg 
1985;90:68 1-689. 

22. Frank G, Schmid C, Baumgart D, Lowes D, Klein H, Kallfelz HC. Chirur- 
gische Therapie lebensbedrohlicher tachykarder Herzrhythmusstérungen bei 
Kindern. Monatsschr Kinderheilkd 1989;137:269-274, 

23. Wren C, Campbell RW. The response of paediatric arrhythmias to intrave- 
nous and oral flecainide. Br Heart J 1987;57:171-175. 

24. Kunze KP, Kentsch M, Kuck KH. Flecainide for treatment of atrial and 
junctional ectopic tachycardia. J Electrophysiol 1987;1:103-112. 

25. Perry JC, McQuinn RL, Smith RT, Gothing C, Fredell P, Garson A. Flecai- 
nide acetate for resistant arrhythmias in the young: efficacy and pharmacokinet- 
ics. J Am Coll Cardiol 1989;1:185-191, 


744 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 SEPTEMBER 15, 1991 








Complex Ventricular Ectopic Activity in Patients 
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A ey Leah eS oN a Cesc en 
To assess the potential for ventricular tachycar- 
dia (VT), ventricular extrastimulus testing was 
performed in 33 young patients with complex 
ventricular ectopic activity defined as multiform 
ventricular premature complexes (VPCs), cou- 
plets or nonsustained VT, or a combination, 
found during electrocardiographic monitoring. 
There were 21 male and 12 female patients with 
a mean age of 11 years (range 1 to 18). Patients 
were divided into 2 groups based on the pres- 
ence (14 patients) or absence (19 patients) of 
syncope. Patients with syncope had ostensibly 
normal hearts (9 patients) or miscellaneous heart 
disease (5 patients). Patients without syncope 
had ostensibly normal hearts (8 patients) or mis- 
cellaneous heart disease (11 patients). Ventricu- 
lar stimulation protocol consisted of burst pacing 
and 1 to 4 programmed extrastimuli decreasing 
to refractoriness at 3 drive-train cycle lengths, 
and at 2 pacing sites (right ventricular apex and 
outflow tract) during the drug-free baseline state 
and isoproterenol infusion. 

No patient had VT induced with 1 or 2 extra- 
stimuli. VT was induced in 13 of 14 patients 
(93%) with syncope, and in 9 of 19 patients 
(47%) without syncope (p <0.05). Using a 3- 
extrastimuli protocol, 8 of 14 patients (57%) 
with and 3 of 19 patients (16%) without syn- 
cope had VT induced (p <0.05). These findings 
suggest that VT may be the cause of syncope 
in young patients with complex ventricular ec- 
topic activity. 

(Am J Cardiol 1991;68:745-750) 
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tricular ectopic activity, including multiform ven- 

tricular premature complexes (VPCs), couplets or 
nonsustained ventricular tachycardia (VT), or a combi- 
nation, has not been completely established. Complex 
ventricular ectopic activity has seldom been reported in 
young patients,!~® but it has been considered a risk fac- 
tor for sudden death presumably resulting from VT in 
patients with a history of cardiac surgery*’; among pa- 
tients without obvious heart disease, the risk is thought 
to be minimal, but has been less well-defined.>* 

On the other hand, treatment to suppress complex 
ventricular ectopic activity is being increasingly 
recognized as having associated risk in some patient 
groups.”!9 Consequently, many critical questions re- 
garding the significance, risk and optimal management 
of such patients remain to be answered. The current 
study was undertaken to test the hypothesis that in 
young patients with complex ventricular ectopic activi- 
ty, the presence of syncope is associated with inducibil- 
ity of VT by electrophysiologic testing. 


I n young patients, the significance of complex ven- 


METHODS 

Patient description: The study group consisted of 33 
patients (21 male and 12 female patients) who under- 
went electrophysiologic evaluation at our institution be- 
tween 1986 and 1989. No patient or family member 
had electrocardiographic features typical of congenital 
long QT syndrome. Ages ranged from | to 18 years 
(mean 11). In each patient, multiform VPCs, couplets, 
or short runs of nonsustained VT (23 complexes), or a 
combination, were present during ambulatory electro- 
cardiographic monitoring. In this study, no attempt was 
made to quantitate ventricular ectopic activity beyond a 
classification as complex. Multiform VPCs were pres- 
ent in 27 patients, couplets in 23 patients and nonsus- 
tained VT in 19 patients. 

The group with syncope (n = 14) presented with 1 
syncopal episode (4 patients), 2 to 3 episodes (6 pa- 
tients) and >4 episodes (4 patients). No patient had 
electrocardiographic documentation during a syncopal 
episode. Surgically treated congenital heart disease or 
acquired heart disease was present in 5 patients, and 9 
patients had ostensibly normal hearts. In 3 patients 


VENTRICULAR PREMATURE COMPLEXES IN YOUNG PATIENTS 745 





with ostensibly normal hearts, a sibling had died sud- 
denly and unexpectedly. 

In the group without syncope (n = 19), 11 patients 
had either surgically treated congenital heart disease or 
other acquired heart disease and 8 patients had ostensi- 
bly normal hearts. In 1 patient, a parent with an osten- 
sibly normal heart had died suddenly and unexpectedly 
at age 28 years. 

Electrophysiologic study: Informed consent was ob- 
tained from each patient or his/her parent or legal 
guardian before the electrophysiologic study. All antiar- 
rhythmic drugs were discontinued for >3 half-lives. 
Studies were performed in the postabsorptive state us- 
ing =1 of the following sedatives as needed: morphine, 
meperidine, diazepam and promethazine. Quadripolar 
electrode catheters were positioned in the high right 
atrium, right ventricular apex, and at the atrioventricu- 
lar junction for His bundle potential recording during 
the baseline state as well as during assessment of atrio- 
ventricular conduction and refractoriness. Stimulation 
of the high right atrium and the ventricular sites was 
performed using a programmable stimulator that pro- 
duces rectangular pulses 1 ms in duration at twice dia- 
stolic threshold. 

Ventricular stimulation protocol: The protocol for 
ventricular stimulation uses 4 extrastimuli at 3 base 
drives including sinus rhythm and 8-beat paced trains 


400 2/0 150200 
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FIGURE 1. Induction of monomorphic ventricular tachycardia 
using a 3-extrastimuli protocol during right ventricular apex 
pacing at cycle length of 400 ms. The patient is a 3-year-old 
female child with a history of surgical treatment of tetralogy 
of Fallot and a recent history of 2 syncopal 
diac recordings are seen from right atrium (RA), His bundle 
electrogram (HBE) and right ventricular apex (RVA). Femoral 
artery pressure is recorded below. |, F and V, = electrocar- 
diographic tracings; S = stimulus artifact. 


. Intracar- 








at 600, 500 or 400 ms,!°!! and burst ventricular pacing 
for 8 beats at progressively shorter cycle lengths from 
400 to 200 ms or to failure of 1 to 1 capture. If VT was 
not induced, the protocol was repeated in the right ven- 
tricular outflow tract. If no VT was induced with 3 
extrastimuli, a fourth extrastimulus was added at the 
apex and then the outflow tract. In 2 patients with 
transposition of the great arteries and Mustard proce- 
dure, stimulation was performed in the left ventricle. If 
VT was not induced in the baseline state, the stimula- 
tion protocol was repeated during infusion of up to 0.1 
ug/kg/min (maximal 5 ug/min) of isoproterenol. The 
dose was selected to result in an increase in heart rate 
of 40 to 50% from baseline. 

Echocardiography: M-mode, 2-dimensional and 
Doppler echocardiographic studies were performed on 
each patient as a part of their evaluation. Ventricular 
dimensions and left ventricular shortening fraction were 
obtained by 2-dimensional directed M-mode echocardi- 
ography. 

Definitions: Inducible sustained VT was defined as 
that which lasted >30 seconds or required cardiover- 
sion for hemodynamic compromise, Sustained mono- 
morphic VT was defined as sustained VT with regular 
rate and uniform QRS morphology. Sustained poly- 
morphic VT was defined as sustained VT with irregular 
rate and variable QRS morphology. Inducible nonsus- 
tained VT was defined as lasting >10 ventricular beats 
and <30 seconds. Nonsustained polymorphic VT was 
both nonsustained and polymorphic. Repetitive ventric- 
ular responses were defined as 1 to 10 nonpaced ven- 
tricular beats. 

Statistical analysis: Chi-square analysis was used 
for comparison between groups with a value <0.05 be- 
ing statistically significant. 


RESULTS 

Characteristics of induced ventricular tachycardia: 
VT was induced in 22 of 33 patients (during right ven- 
tricular apex stimulation in 20 patients and right ven- 
tricular outflow tract stimulation in 2 patients). VT ini- 
tiation occurred during the baseline state in 19 patients 
and during isoproterenol infusion in 3 patients. Sus- 
tained monomorphic VT (cycle length 180 to 460 ms, 
mean 262) was induced in 6 patients. Sustained and 
nonsustained polymorphic VTs (cycle length 140 to 230 
ms, mean = 170) were induced in 14 patients and 2 
patients, respectively. 

Ventricular tachycardia inducibility and stimulation 
protocol: No patient had VT induced using | or 2 ex- 
trastimuli. With use of a 3-extrastimuli protocol, sus- 
tained monomorphic VT was induced in 5 patients 
(Figure 1) and polymorphic VT (5 sustained, 1 nonsus- 
tained) was induced in 6 patients (Figure 2). With 4 
extrastimuli, polymorphic VT (9 sustained, 1 nonsus- 
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tained) was induced in 10 patients. Burst pacing in- 
duced monomorphic VT in 1 patient. 

Ventricular tachycardia inducibility and isoprotere- 
nol: Isoproterenol was administered to 4 patients with 
syncope and sustained polymorphic VT was induced 
with 3 extrastimuli in 1 patient. In 3 patients, no VT 
was induced during isoproterenol infusion, but in 2 of 
these patients nonsustained polymorphic VT had been 
‘nduced in the baseline state. Isoproterenol was admin- 
istered to 12 patients without syncope, and polymorphic 
VT was induced using 3 and 4 programmed extrastim- 
uli, respectively, in 2 patients. 

Ventricular tachycardia inducibility versus syncope: 
VT was induced in 13 of 14 patients with syncope using 
3 extrastimuli (8 patients) or 4 extrastimuli (5 patients) 
(Figure 3). VT was induced in 9 of 19 patients without 
syncope using 3 extrastimuli (3 patients), 4 extrastimuli 
(5 patients) or burst pacing (1 patient). Thus, VT was 
‘nduced with 3 extrastimuli in 8 of 14 patients (57%) 
with syncope versus 3 of 19 patients (16%) without 
syncope (p <0.05). VT was induced with 4 extrastimuli 
in 5 of 14 patients (36%) with versus 4 of 19 patients 
(21%) without syncope (p = not significant [NS]). No 
VT was induced in 1 of 14 patients (7%) with versus 10 
of 19 patients (53%) without syncope (p <0.05). 

Among patients with inducible VT, there was no 
difference in occurrence of different VT types when pa- 
tients with were compared to those without syncope. 
For example, monomorphic VT was induced in 4 of 13 
patients (31%) with versus 2 of 9 patients (22%) with- 
out syncope (p = NS), whereas polymorphic VT was 
induced in 9 of 13 patients (69%) with vs 7 of 9 pa- 
tients (78%) without syncope (p = NS). 

Presence of other heart disease: Heart disease or 
ventricular dysfunction, or both, was present in 5 of 
14 patients with syncope. Echocardiographically deter- 
mined left ventricular dimensions and shortening frac- 
tion were significantly abnormal in a patient with a his- 
tory of neonatal myocardial infarction. The right 
ventricle was dilated in 4 patients (3 with surgical treat- 


FIGURE 3. Relation of ventricular tachy- 
cardia (VT) inducibility and stimulation 








cope. Numbers of patients are in paren- No VT(1) 
theses. MonoVT = monomorphic ventricu- 
lar tachycardia; NSPVT = nonsustained 
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PolyVT = polymorphic 
cardia; 3x and 4x = 3 and 4 extrastimuli, 
respectively. 
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FIGURE 2. Induction of polymorphic ventricular tachycardia 
using a 3-extrastimuli protocol during right ventricular apex 
pacing at cycle length of 400 ms. The patient is a 16-year-old 
boy with an ostensibly normal heart and a history of 1 synco- 
pal episode. This patient’s ostensibly normal brother died sud- 
denly at age 21 years. Abbreviations as in Figure 1. 


ment of tetralogy of Fallot and 1 with Mustard proce- 
dure for transposition of the great arteries). 

Heart disease or ventricular dysfunction, or both, 
was present in 11 of 19 patients without syncope. Left 
ventricular dimensions and shortening fraction were ab- 
normal in 2 patients (1 with postoperative ventricular 
septal defect, and 1 with postoperative arterial switch 
transposition of the great arteries). The right ventricle 
was dilated in 5 patients (4 with postoperative tetralogy 
of Fallot, and 1 with postoperative Mustard procedure). 
A patient with Ebstein’s anomaly had dilation of both 
left and right ventricles. No specific abnormalities were 
noted in 3 patients with a history of heart disease. 

Ventricular tachycardia versus other heart disease: 
Owing to the small numbers of patients, it is difficult to 
make direct comparisons of VT inducibility and specific 
heart disease type. However, 7 of 33 patients had a 
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history of definitive surgery for tetralogy of Fallot. Syn- 
cope occurred in 3 of 7 patients and all had monomor- 
phic VT induced with 3 extrastimuli. No syncope oc- 
curred in 4 of 7 patients, but VT was induced in 2 
patients: monomorphic VT with 3 extrastimul} (1 pa- 
tient) and polymorphic VT with 4 extrastimuli (1 pa- 
tient). 

Previous heart disease alone was not a significant 
predictor of inducible VT because VT was induced in 9 
of 16 patients with heart disease and in 13 of 17 pa- 
tients with ostensibly normal hearts (p = NS). How- 
ever, 5 of 5 patients with syncope and heart disease and 
8 of 9 patients with syncope and no heart disease had 
inducible VT (Figure 4). In patients without syncope, 
only 4 of 11 patients with heart disease had inducible 
VT, whereas 5 of 8 patients without heart disease had 
inducible VT (Figure 5). 

Previous heart disease plus a history of syncope was 
a significant predictor of inducible VT with a 3-extra- 
stimuli protocol. In fact, all 5 patients with heart dis- 
ease and syncope had VT induced with 3 extrastimuli, 
whereas only 1 of 11 patients with heart disease with- 
out syncope had VT induced with a similar protocol. 
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DISCUSSION 

This study demonstrates that in young patients with 
complex ventricular ectopic activity, VT is induced 
more often in patients with a history of syncope (93%) 
than in patients without syncope (47%). Among pa- 
tients with induced VT, polymorphic VT (73%) is in- 
duced more often than monomorphic VT (27%). No 
patient had VT induced with <3 extrastimuli. VT was 
induced just as often in patients with previous heart 
disease as in patients with ostensibly normal hearts. 
However, among patients with previous heart disease, 
those with syncope always had VT (usually monomor- 
phic) induced with 3 extrastimuli, whereas only 1 of 11 
such patients without syncope had VT induced with a 
similar protocol. Polymorphic VT induced with 4 extra- 
stimuli may be a nonspecific finding, since it occurred 
nearly equally in patients with or without syncope. 
However, polymorphic VT induced with 3 extrastimuli 
is probably not a nonspecific finding in such patients, 
since induced VT was nearly as likely to be monomor- 
phic as polymorphic. 

Ventricular tachycardia inducibility and stimulation 
protocols: In recent years, there has been considerable 












FIGURE 4. Relation of ventricular tachy- 
cardia (VT) inducibility and presence or 
absence of previous heart disease (PHD) in 
patients with syncope. Abbreviations as in 
Figure 3. 
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PHD(7) No PHD(3) PHD(4) No PHD(5) FIGURE 5. Relation of ventricular tachy- 
cardia (VT) inducibility and presence or 
E ANE absence of previous heart disease (PHD) in 
patients without syncope. Abbreviations 
3x(1) Burst(0) 4x(3) 3x(2)  Burst(1) — 4x(2) as in Figure 3. 
MonoVT(1) PolyVT(3) NSPVT(O) MonoVT(1) PolyVT(4) NSPVT(O) 
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discussion regarding what constitutes an appropriate 
ventricular stimulation protocol and what constitutes a 
clinically relevant outcome.!?-7° On the first point the 
debate has centered on the sensitivity versus specificity 
of 3 or 4 extrastimuli, whereas on the second point the 
concern has focused on the relevance of polymorphic 
VT versus monomorphic VT. The problem is further 
complicated because the outcome of electrophysiologic 
testing may be dependent on patient age and the pres- 
ence or absence of specific types of heart disease. Re- 
sults of electrophysiologic testing have been reported in 
relatively few young patients with known or suspected 
VT and absent coronary artery disease.4-7)!!!2,15,20-23 
These studies demonstrate the necessity of stimulation 
protocols using 3 or 4 extrastimuli, 2 stimulation sites 
and isoproterenol infusion. Based on the aforemen- 
tioned studies and this study, the sensitivity of ventricu- 
lar stimulation protocols using 3 or 4 extrastimuli has 
been well established. 

Unfortunately, these studies on young patients re- 
port findings in small numbers of patients that do not 
permit complete risk stratification. Consequently, the 
specificity of burst pacing, protocols of 4 extrastimuli, 
and extrastimulus intervals <190 ms cannot be defined, 
except when they induce VT previously documented by 
electrocardiography. In the present study, VT was initi- 
ated more often in those with than without syncope us- 
ing a 3-extrastimuli protocol, but when 4 extrastimuli 
were used, there was no difference between patients 
with and without syncope. Based on this observation, it 
seems reasonable to conclude that in young patients 
with complex ventricular ectopic activity with undocu- 
mented VT, a 3-extrastimuli protocol is warranted, but 
use of 4 extrastimuli may result in nonspecific findings. 

Characteristics of induced ventricular tachycardia: 
Whereas the induction of monomorphic VT, previously 
documented by electrocardiogram, is clinically relevant 
even using a 4-extrastimuli protocol,!>23 some question 
remains regarding the significance and relevance of sus- 
tained or nonsustained polymorphic VT, especially in 
patients without previous electrocardiographic docu- 
mentation. For example, Dunnigan et al!? used a proto- 
col with 3 or 4 extrastimuli to induce monomorphic VT 
in patients with electrocardiographically documented 
VT and polymorphic VT in patients with a history of 
cardiac arrest. Silka et al?’ observed nonsustained poly- 
morphic VT in 7 of 51 patients (14%) using 3 or 4 
extrastimuli, but use of extrastimulus intervals <190 
ms resulted in sustained polymorphic VT requiring car- 
dioversion in 5 patients. Nonsustained polymorphic VT 
has been reported in some studies using protocols with 
2 or 3 extrastimuli.®.”2! Lemery et al!’ used 3 or 4 
extrastimuli to induce polymorphic VT in 6 young 
adults without ischemic heart disease with documented 


ventricular fibrillation. On the other hand, in young 
adults without ischemic heart disease, polymorphic VT 
was not observed using protocols with 3 to 4 extrastim- 
uli. 15.20 

In the present study of patients with undocumented 
VT, both monomorphic and polymorphic VT was in- 
duced with a 3-extrastimuli protocol. However, when a 
4-extrastimuli protocol was used, polymorphic VT was 
induced as often in patients with as without syncope. 
Thus, in these patients with undocumented VT, a 4- 
extrastimuli protocol may result in nonspecific findings. 

Ventricular tachycardia inducibility versus other 
heart disease: The occurrence of syncope was a more 
important indicator of VT inducibility than was previ- 
ous heart disease. In fact, 7 of 11 patients with heart 
disease and no syncope had no inducible VT. In the 
patients we studied, the presence of syncope and ven- 
tricular dysfunction or heart disease predicted VT in- 
ducibility with a 3-extrastimuli protocol in 5 of 5 pa- 
tients, whereas in patients without syncope, VT was 
similarly induced in only 1 of 11 patients (9%). 

Clinical implications: The results of the present 
study suggest that young patients with complex ventric- 
ular ectopic activity and syncope may be at higher risk 
of VT than similar patients without syncope, especially 
if associated heart disease is present. However, addi- 
tional studies and longer follow-up will be required in 
order to understand how the “risk” can best be modi- 
fied.*4 Electrophysiologic testing is a sensitive tool for 
evaluating these patients and may permit better defini- 
tion of appropriate long-term antiarrhythmic therapy. 
Our results and those of others*> suggest that patients 
without syncope, especially those with ostensibly nor- 
mal hearts, may be at sufficiently low risk so as not 
to warrant electrophysiologic study or antiarrhythmic 
therapy. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 





Quantitative Analysis of Signal-Averaged 


P Waves in Idiopathic Paroxysmal 
Atrial Fibrillation 


Peter J. Stafford, MRCP, lan Turner, D Phil, and Richard Vincent, MD 


Detailed analysis of the QRS complex can identi- 
fy patients at risk from ventricular arrhythmias, 
but similar techniques applied to the atria have 
been disappointing. This study attempts to quan- 
titate differences in the fine morphology of P 
waves in a group of 9 patients with paroxysmal 
atrial fibrillation (AF) versus 15 control subjects. 
Atrial triggered signal-averaging was combined 
with a detailed investigation of P-wave duration, 
high-frequency spatial voltage and spatial veloci- 
ty. Signal-averaged P-wave duration was signifi- 
cantly increased in patients with paroxysmal AF 
(135 + 8 vs 126 + 4 ms, p <0.05). The root- 
mean-square voltage at frequencies >35 Hz in 
these patients was also significantly greater (16 
+ 3 vs 12+ 1 „V, p <0.05). Similar observa- 
tions were made at frequencies >40 Hz (10 + 3 
vs 7+ 1 „V, p <0.05). These differences ap- 
peared to be confined to the third quarter of the 
P wave (third quarter root-mean-square voltage 
at >40 Hz expressed as a ratio of total P-wave 
root-mean-square voltage, 1.4 + 0.1 vs 1.2 + 
0.1, p = 0.005). Spatial velocity was also in- 
creased in the paroxysmal AF group (peak spa- 
tial velocity 6.4 + 1.8 vs 4.6 + 0.5 mV/s, p 
<0.05). These observations support previous in- 
tracardiac data that implicate delay and frag- 
mentation of intraatrial conduction in the patho- 
genesis of paroxysmal AF. 

(Am J Cardiol 1991;68:751-755) 
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(AF) without detectable cardiac disease is ob- 

scure. Invasive studies have shown increased 
conduction delay and fragmentation in early stimulated 
atrial beats in patients with this condition, both with 
and without overt cardiac abnormalities.!-? Prolonga- 
tion of atrial conduction may be expected to lead to 
prolongation of the surface P wave, and increased 
fractionation within the atrial signal may cause an in- 
crease in high-frequency, low-amplitude signals. How- 
ever, noninvasive analysis of P waves from patients with 
paroxysmal AF has yielded conflicting results.*° In this 
study, we attempted to identify markers of abnormal 
atrial conduction from the electrocardiograms of pa- 
tients with idiopathic paroxysmal AF, using a signal- 
averaging technique specific to the P wave, followed by 
detailed analysis of P wave duration, high-frequency 
voltage and spatial velocity. 


F he pathogenesis of paroxysmal atrial fibrillation 


METHODS 

Patients: The study group consisted of 9 men (mean 
age 60 years, range 39 to 74) with documented parox- 
ysmal AF but no other history of cardiac disease. Phys- 
ical examination, electrocardiogram and thyroid func- 
tion tests were normal, as were routine biochemistry 
and hematologic profiles. M-mode and 2-dimension- 
al echocardiograms were normal in all patients, but 
pulsed-wave Doppler examinations revealed trivial mi- 
tral regurgitation in 2 patients and mild to moderate 
regurgitation in 1. Left atrial size was normal in all 9 
patients. 

The control group consisted of 15 patients (10 men 
and 5 women, mean age 61 years, range 42 to 78), 10 
recruited with the kind permission of the late Brian 
MacDougall, MD, from day-case endoscopy sessions, 
and 5 who had shown no abnormality during electro- 
physiologic studies for unexplained syncope. No evi- 
dence of cardiac disease was apparent in this group 
from history, physical examination, electrocardiogram 
and echocardiogram. Thyroid function tests were not 
performed unless clinically indicated. Other than the 5 
control patients with normal electrophysiologic exami- 
nations before enrollment in the study, no patient un- 
derwent invasive investigation. 
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Recordings were obtained with subjects relaxed and 
supine, using a modified orthognal lead system. All 
antiarrhythmic therapy was discontinued 23 half-lives 
before the study. After low-pass filtering at 300 Hz and 
amplification 1,000 to 2,000 times, signals were stored 
on magnetic tape (RACAL Store 4 FM tape recorder; 
frequency response 0.1 to 500 Hz) and were subse- 
quently analyzed off-line using an IBM XT personal 
computer and custom software. After further amplifi- 
cation to give a total gain of 10,000, signals were digi- 
tized at a sampling rate of 2 kHz. The approximate 
location of the P wave was determined by triggering 
from the QRS complex using a reference channel 
bandpass filtered at 10 to 45 Hz; signal-averaging was 
then performed using an automatic template recogni- 
tion algorithm to identify the precise position of the P 
wave. Accurate alignment of the template was con- 
firmed by a visual assessment of fit. Approximately 200 
beats were averaged for each patient. 

The digital filters used were of a symmetrical nonre- 
cursive (finite-impulse response) design, typically 30 
terms in length, producing no phase shift. After averag- 
ing, signals were analyzed further in 3 ways: 

FREQUENCY ANALYSIS: The signals for each orthognal 
lead were high-pass filtered at 15 Hz to remove large 
low-frequency components and were analyzed by fast 
Fourier transform. The outputs were summated to give 
the root-mean-square voltage of signals above a range 


FIGURE 1. Vector magnitude plots and lead Y of the P wave showing clear differences in 


of frequencies between 15 and 80 Hz. We also calculat- 
ed the ratio of the root-mean-square voltage of signals 
above to those below the chosen frequencies (area ra- 
tios). 

DURATION ANALYSIS: P-wave duration was measured 
by 2 methods. In the first, the beginnings and ends of P 
waves were set visually by a single operator (PS) from 
vector magnitude plots of signals filtered at 15 Hz. Vi- 
sual analysis was performed in triplicate with the sig- 
nals presented in random order, and the operator was 
unaware of the identity of the patients. Data obtained 
in this way compared well with those obtained using a 
system that set the beginnings and ends of P waves 
automatically by finding the points at which the P- 
wave voltage exceeded the level of background noise by 
3 standard deviations. During both methods of analysis 
we ensured that the His bundle deflection was excluded 
from the assessment of P-wave duration by visual in- 
spection. The automatic system produced more consis- 
tent results, which are presented in this report. Total P- 
wave duration was obtained by the aforementioned 
method, but further analysis was performed using the 
vector magnitude plot of signals filtered at 40 Hz with 
the limits of the P wave taken as those previously de- 
fined from the signals filtered at 15 Hz. 

The following was calculated for each patient: time 
to reach maximal voltage; root-mean-square voltage of 
each quarter of the P wave (expressed as a ratio of the 











and increased notching 


morphology, 
and irregularity in patient with paroxysmal atrial fibrillation (AF) (A) compared with control subject (B). Each division on the x 


axis represents 20 ms. 
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TABLE I Clinical Details and Results of P-Wave Analysis in Patients with Documented Paroxysmal Atrial Fibrillation and in Control 


Subjects 


RMS Voltages 


Duration (ms) 
35 Hz 
(pV) 


Lead Il SAECG 


40 Hz 
(uV) 


Spatial Velocity 


Peak 
(mV/s) 


Mean 


3rd Quartile (mV/s) Peak/ Mean 


WOON A OF WN re 


*p <0.05; tp <0.01 compared with control subjects. 


— 


þad 


CI = +95% confidence interval; RMS = root-mean-square; SAECG = signal-averaged electrocardiogram. 


root-mean-square voltage of the entire P wave); and 
duration of each half of the P wave when it was divided 
into halves of equal total power. 

In the second method, P-wave duration was ob- 
tained from the mean of 2 measurements from lead I 
of a suitably enlarged standard electrocardiogram using 
a digitizing pad (Summagraphics Summasketch II). 

SPATIAL VELOCITY ANALYSIS: Unfiltered signals were 
analyzed, with respect to time, over a symmetrical 5-ms 
(11-sample) Hamming window advanced in 1-ms (2- 
sample) steps through the P wave. Spatial velocity was 
obtained using a standard digital differentiator of the 
form: Y(n) = —X(n)/n X W(n) (n = 1,3,5. . .) and 
Y(n) = X(n)/n X W(n) (n = 2,4,6. . .), where X(n) 
and Y(n) are the input and output of the differentiator, 
and W(n) is the window function. After each lead was 
processed, the outputs were summated according to the 
formula: V = ./(Yx)? + (Yy)? + (Yz)?, where V is 
the rate of change of voltage with time, and Yx, Yy 
and Yz are the differentiator outputs for each orthogo- 
nal lead. This gives an overall measure of spatial veloci- 
ty independent of the direction of the P-wave vector. 





RMS voltage 


(HV) 3 


35 


Frequency (Hz) 





FIGURE 2. Graph showing the differences in root-mean- 
square (RMS) voltage >30, 35 and 40 Hz in patients (black 
squares) and control subjects (plus signs). Vertical bars rep- 
resent 95% confidence limits of the mean values shown. 

* p <0.05. 
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TABLE II Quantitative Features of P-Wave Activity 
Distinguishing Patients with Paroxysmal Atrial Fibrillation 
from Control Subjects 


No. of Pts. No. of Control 


(%) Subjects (%) Significance* 


1. Lead II duration >114ms 5 (56) 

2. SAECG duration >126ms 6(67) 

3. RMS third quarter >1.3t 7 (78) 

4. Total RMS voltage >40 Hz 7 (78) 

>7.5 nV 

5. 4 and 5 combined 
*Chi-square test. 
tExpressed as a ratio to total P-wave root-mean-square voltage. 


NS = not significant; RMS = root-mean-square; SAECG = signal-averaged 
electrocardiogram. 


8 (89) 


Mean and peak spatial velocities, the ratio of peak- 
to-mean spatial velocities, and time from the beginning 
of P wave to peak spatial velocity were calculated. 
Mean spatial velocity and mean and peak differences 
from this mean were also calculated over an 80-ms 
window placed at the center of the P wave. 

Comparisons between data were performed using 
the Mann-Whitney U test for independent variables. A 
p value <0.05 (2 tailed) was considered statistically sig- 
nificant. Unless stated otherwise, results are expressed 
as mean (+ 95% confidence interval). 


RESULTS 

Satisfactory recordings were obtained in all patients. 
The P-wave template recognition algorithm appeared 
specific to any 1 P-wave morphology, successfully re- 
jecting aberrant atrial complexes. In general, the fine 


RMS/RMS total 


QUARTER OF P WAVE 





FIGURE 3. Graph showing increased root-mean-square 
(RMS) voltage in the third quarter of P waves from patients 
(black squares) compared with control subjects (plus signs). 
Points represent mean RMS voltage of each quarter ex- 
pressed as a ratio of RMS voltage of entire P wave. Vertical 
bars represent 95% confidence limits. * p = 0.005. 
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morphology of the signal-averaged P wave from pa- 
tients with paroxysmal AF showed increased irregulari- 
ty and notching. It more frequently showed a bifid ap- 
pearance with lower voltages at the beginning of the P 
wave (Figure 1). 

Frequency analysis: The clearest separation be- 
tween the study and control groups was achieved when 
the root-mean-square voltage of the P wave was calcu- 
lated as an absolute value or an area ratio above the 
frequency values 30, 35 and 40 Hz (Figure 2). Area 
ratios were higher in the study than in the control 
group at each of these frequencies, but the differences 
were not statistically significant. The absolute root- 
mean-square voltages at >35 and 40 Hz were signifi- 
cantly greater in the study than in the control group 
(16 + 3 vs 12 + 1 uV, p <0.05 at 35 Hz; 10 3 vs 7 
+ 1 uV, p <0.05 at 40 Hz) (Table I). 

The root-mean-square voltage at >40 Hz of the 
third quarter of the P waves in the study group was 
significantly higher than in the control group, even 
when expressed as a proportion of the root-mean- 
square voltage of the entire P wave (1.4 + 0.1 vs 1.2 + 
0.1, p <0.01) (Table I, Figure 3). 

Duration analysis: P-wave duration was significant- 
ly increased in the study compared with the control 
group (135 + 8 vs 126 + 7 ms, p <0.05) (Table I). 
Measured intervals within the P wave were all slightly 
longer in the study group, but not significantly so. Mea- 
sured P-wave durations from lead II of the standard 
electrocardiogram were greater in the group with par- 
oxysmal AF, but the difference was not significant. 

Spatial velocity: Peak spatial velocity and the ratio 
of peak to mean spatial velocities were both significant- 
ly higher in the study than in the control group (6.4 + 
1.8 and 3.1 + 0.5 mV/s vs 4.6 + 0.5 and 2.6 + 0.3 
mV/s; p <0.05) (Table I). No differences were seen 
between the 2 groups in time taken for peak spatial 
velocity to be reached. 

When the variation of the mean spatial velocity over 
a central 80-ms window was calculated, this was signif- 
icantly greater in the study than in the control group 
(mean 1.4 + 0.4 and peak 3.8 + 1.3 mV/s vs mean 1.0 
+ 0.9 and peak 2.2 + 0.3 mV/s; p >0.05 and p <0.01, 
respectively). There was no difference in mean spatial 
velocities between the groups. 


DISCUSSION 

Our observations in patients without detectable car- 
diac disease suggest that paroxysmal AF is associ- 
ated with significant abnormalities of atrial conduction. 
Analysis of the voltage spectra after fast Fourier trans- 
form of the P waves from patients with paroxysmal AF 
showed an increase in the voltage present at higher fre- 
quencies. This increase in high-frequency activity was 
confined to the third quarter of the P wave. In the ven- 
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tricles, increases in high-frequency activity have been 
observed’* that are associated with late potentials and 
are thought to be due to areas of slowing and to frag- 
mentation of conduction. In the atria, identification of 
late potentials is difficult, partly because of the longitu- 
dinal rather than the transmural progression of atrial 
activation and also because of interference with the ter- 
minal P wave by His-Purkinje signals within the PR 
interval. However, a consistently timed burst of high- 
frequency activity within the P wave may represent a 
similar, localized abnormality of atrial activation. 

We also observed greater peak spatial velocities in 
our patients. Spatial velocity is a measure of the rate of 
change of the size of a signal and is independent of the 
direction of its vector. Therefore, greater spatial veloci- 
ties reflect greater high-frequency activity within the P 
waves of our patients with paroxysmal AF and implies 
greater irregularity in the P-wave vectorcardiogram 
during atrial activation. 

Several investigators have reported increased notch- 
ing and irregularity in P-wave vectorcardiographic 
loops recorded from patients with paroxysmal AF,%!° 
although few have attempted to quantitate their obser- 
vations and no distinction has been made between re- 
cordings from apparently normal and diseased hearts. 
A recent study reported both qualitative changes in vec- 
torcardiographic loops and quantitative increases in 
spatial velocities in patients with paroxysmal AF and 
with normal hearts using high-fidelity recordings of sin- 
gle P waves.’ Despite the inclusion of patients with hy- 
pertension and angina in this study, which limits the 
applicability of these results to our own observations, 
the reported values for peak spatial velocities in parox- 
ysmal AF and normal groups were in agreement with 
our findings. 

The significant increase in the overall duration of 
the signal-averaged P wave in our group with paroxys- 
mal AF is in agreement with previous reports. Most 
investigators have reported a P-wave duration >120 ms 
as predictive of paroxysmal atrial arrhythmias using 
lead II of the electrocardiogram or high-gain surface 
recordings.*>!! The technique of signal averaging has 
been used previously in P-wave recordings,’ but clear 
comparisons between P-wave durations in control and 
study subjects were not obtained. Our values for P- 
wave durations from lead II of the standard electrocar- 
diogram are similar to those reported elsewhere, but 
those from the signal-averaged electrocardiogram are 
higher. Our technique of signal-averaging and the use 
of vector magnitude plots to assess P-wave length may 
have enabled lower voltages at the beginning and end of 








the P wave to be detected, thus increasing the measured 
duration. 

Increases in P-wave duration and high-frequency 
activity, together with increased irregularity of the P- 
wave vectorcardiogram during atrial activation, sug- 
gested by increased spatial velocity, may be predicted 
from invasive atrial studies!-3 and support the hypothe- 
sis that areas of slow fragmented conduction occur in 
patients predisposed to paroxysmal AF. A quantifiable 
measure of these abnormalities from the surface elec- 
trocardiogram may give important additional insights 
into the mechanism of paroxysmal AF and be diagnos- 
tically useful. Patients with paroxysmal AF can be dis- 
tinguished from those without it, using the threshold of 
either a corrected root-mean-square voltage over the 
third quarter of the P wave of 1.3 (expressed as a ratio 
of the total P wave root-mean-square voltage) or a total 
root-mean-square voltage at frequencies >40 Hz of 7.5 
uV to divide the 2 groups. A clearer division between 
these 2 groups can be obtained if these 2 measures are 
combined. Changes in high-frequency activity appear 
to afford a clearer separation between our patients with 
paroxysmal AF and control patients than does P-wave 
duration, either from the standard or signal-averaged 
electrocardiogram (Table II). Our preliminary observa- 
tions invite a prospective trial of the predictive power of 
these measurements. 
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Diagnostic Accuracy of Exercise Thallium-201 
Single-Photon Emission Computed Tomography 
in Patients with Left Bundle Branch Block 
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Recent reports have proposed that abnormal ap- 
ical or anterior wall perfusion with exercise thal- 
lium-201 imaging may increase diagnostic accu- 
racy for disease of the left anterior descending 
artery in patients with left bundle branch block 
(LBBB). To evaluate these suggestions, 83 pa- 
tients with LBBB who underwent thallium-201 
single-photon emission computed tomography 
and coronary angiography within an interval of 3 
months were retrospectively reviewed. There 
were 59 men and 24 women aged 33 to 84 
years (mean 65). Myocardial perfusion to the 
apex, anterior wall and anterior septum were 
scored qualitatively by consensus of 2 experi- 
enced observers and by quantitative analysis in 
comparison with a normal data base. The sensi- 
tivity, specificity and accuracy of perfusion de- 
fects in these segments were then expressed ac- 
cording to angiographic findings. Significant ste- 
nosis of vessels within the left anterior 
descending artery territory was present in 38 
patients. By receiver-operator characteristic 
analysis, a fixed or reversible defect within the 
apex by the qualitative method was the best cri- 
terion for coronary artery disease. However, al- 
though highly sensitive (79 and 85% by the 
qualitative and quantitative methods, respective- 
ly), an apical defect was neither specific (38 and 
16%, respectively), nor accurate (57 and 46%, 
respectively). Perfusion abnormalities in the an- 
terior wall and septum were also of limited diag- 
nostic accuracy. Thus, modified interpretative 
criteria in patients with LBBB are not clinically 
useful in the assessment of left anterior descend- 
ing artery disease. 

(Am J Cardiol 1991;68:756-760) 
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use in patients with left bundle branch block 

(LBBB), because abnormal radiotracer kinetics 
in the septum frequently occur in the absence of signifi- 
cant coronary artery disease.!“© A combination of he- 
modynamic factors are believed to contribute to re- 
duced coronary filling in diastole, thus accounting for 
abnormal septal perfusion.'* The poor specificity of 
thallium-201 scanning in patients with LBBB has dis- 
couraged referral for radionuclide assessment of coro- 
nary artery disease. Recently, several investigators have 
proposed that perfusion defects within the apex or ante- 
rior wall may improve diagnostic accuracy for disease 
of vessels within the left anterior descending artery ter- 
ritory.27 These suggestions have important implications 
for management, particularly because underlying coro- 
nary artery disease appears to be an independent ad- 
verse prognostic factor in patients with LBBB.8 How- 
ever, these observations have generally been derived 
from small series with limited angiographic correlation. 
Accordingly, the purpose of this study was to examine 
retrospectively a large number of patients with LBBB 
who underwent exercise thallium-201 single-photon 
emission computed tomography and coronary angiog- 
raphy in order to determine the sensitivity, specificity 
and accuracy of perfusion defects in the septum, apex 
and anterior wall. 


B=: thallium-201 scintigraphy is of limited 


METHODS 

Study group: During a 5-year period from May 
1985 to June 1990, we studied 83 patients (59 men and 
24 women, mean age 65 years, range 33 to 84) with 
resting LBBB in whom exercise thallium-201 imaging 
and coronary angiography were performed within 3 
months, with no clinical events or revascularization pro- 
cedures in the interim. LBBB was diagnosed on electro- 
cardiogram according to previously described criteria.’ 
The mean interval between thallium-201 scintigraphy 
and angiographic correlation was 11 days. Forty-six pa- 
tients (55%) underwent thallium-201 scintigraphy be- 
fore coronary angiography, whereas the latter was the 
initial procedure in the remaining 37 (45%). Thallium- 
201 scanning was performed for assessment of suspect- 
ed coronary artery disease (n = 64) or prognosis after 
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myocardial infarction (n = 19). On the basis of history 
and examination, congestive cardiomyopathy was con- 
sidered unlikely; formal evaluation of left ventricular 
function by radionuclide or echocardiographic methods 
was not routinely undertaken. 

Data acquisition: Symptom-limited treadmill exer- 
cise was conducted according to the Bruce protocol. 
The procedure was occasionally modified at the discre- 
tion of the supervising physician. Most patients (n = 
75) received 150 MBq (4 mCi) of thallium-201 at peak 
effort; in 8 patients a reinjection protocol (112.5 MBq 
[3 mCi] with exercise and 37.5 MBq [1 mCi] before 
delayed views) was used. A 5-minute anterior planar 
image of the thorax was recorded before tomographic 
imaging in order to assess cardiac size and pulmo- 
nary activity. Subsequently, immediate and delayed (4 
hours) tomographic images were recorded using a large 
field-of-view gamma camera equipped with a low-ener- 
gy all-purpose collimator, and 15 and 10% windows 
centered over the 69- and 170-KeV photopeaks, respec- 
tively, of thallium-201. Twenty-four-hour views were 
recorded in selected patients to distinguish between in- 
farcted and viable myocardial segments.!° A 180-de- 
gree circular orbit was used, commencing from the 45- 
degree right anterior oblique angle, with 30 projections 
and 40 seconds per stop. One-pixel-thick (6.4-mm) 
transaxial tomographic slices were subsequently recon- 
structed using filtered back projection with a Ramp- 
Hanning filter. Horizontal and vertical long- and short- 
axis slices were then generated for each study. 

Qualitative analysis: All images were interpreted 
within 24 hours of the patient’s exercise test by consen- 
sus of 2 experienced physicians without knowledge of 
clinical and angiographic data, or of the presence of 
LBBB on the resting electrocardiogram. The observers 
initially viewed a rotating cine of the raw data to evalu- 
ate potential soft tissue, visceral artifact and patient 
motion during image acquisition. Segmental myocardi- 
al perfusion in the septum, anterior wall and apex was 
evaluated using a 5-point scheme whereby 4, 3, 2, 1 


Anterior wall 


Anterior 


Inferior 
septum 


qualitative analysis Inferior wall 
(shaded areas). ) 
Short Axis 





and 0 indicated normal, mildly, moderately and mark- 
edly reduced, and absent perfusion, respectively. Be- 
cause of the dual blood supply of the septum,?!! only 
the anterior septum on short-axis images was assigned 
to the left anterior descending artery territory. Perfu- 
sion to the anterior septum and anterior wall was evalu- 
ated using appropriately selected midventricular and 
basal short-axis slices. Perfusion at the apex was deter- 
mined using the mean of scores obtained from the verti- 
cal and horizontal long-axis images (Figure 1). 

Reversible defects were considered present in a 
myocardial segment when the score on delayed views 
exceeded that on initial images. A fixed defect was de- 
fined by a score of <3 on each set of views. However, 
owing to physiologic attenuation, a fixed defect in the 
apex was considered present only when perfusion was 
coded as <2 on consecutive images. 

Further analysis of inferior and lateral wall perfu- 
sion, lung uptake and left ventricular dilatation was not 
undertaken, because these variables are not specific for 
stenosis of the left anterior descending artery. 

Quantitative analysis: Quantitative analysis of the 
left anterior descending artery territory was performed 
in 76 patients using a previously described technique. !2 
In this method, initial perfusion defects on thallium-201 
tomographic scans >3% of the myocardium and >2.5 
standard deviations below normal limits have been 
shown to accurately identify coronary artery disease in 
all segments, including the apex.!2 A “normal” data 
base was established in our institution using 25 men 
and 15 women with <5% probability of coronary ar- 
tery disease.'? Perfusion defects were judged to be re- 
versible or fixed, by subjective means. The polar coordi- 
nate map could not be used in the 7 remaining patients 
with LBBB because of technical difficulties in the re- 
trieval of previously stored data. 

Coronary angiography: Selective coronary angio- 
grams were recorded in multiple left and right anterior 
oblique views using caudal and cranial angulation when 
necessary. The degree of vessel narrowing was assessed 
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TABLE I Sensitivity, Specificity and Accuracy of Qualitative and 
Quantitative Thallium-201 Scan Criteria in Patients with LBBB 


Sens. (%) Acc. (%) 


Spec. (%) 


Qualitative 
Anterior septum 
Apex 
Anterior wall 

Quantitative 
Anterior septum 
Apex 
Anterior wall 


26/38 (68) 
30/38 (79) 
19/38 (50) 


15/45 (33) 
17/45 (38) 
28/45 (62) 


41/83 (49) 
47/83 (57) 
47/83 (57) 


38/76 (50) 
35/76 (46) 
42/76 (55) 


19/33 (58) 
28/33 (85) 
6/33 (18) 


19/43 (44) 
7/43 (16) 
36/43 (84) 


Results for each myocardial segment were determined separately, without regard to 
perfusion status in adjacent territories. Actual patient numbers with percentage in 
parentheses. 

Acc. = accuracy (true-positive and true-negative divided by total number of studies); 
LBBB = left bundle branch block; Sens. = sensitivity (true-positive divided by 
true-positive plus false-negative studies); Spec. = specificity (true-negative divided by 
true-negative plus false-positive studies). 










TABLE Il Proportion of Reversible Myocardial Defects in True- 
and False-Positive Studies 


True Positive (%) False Positive (%) 









Qualitative 


Anterior septum 23/26 (88) 26/30 (87) 

Apex 28/30 (93) 22/28 (79) 

Anterior wall 17/19 (89) 13/17 (76) 
Quantitative 

Anterior septum 15/19 (79) 22/24 (92) 

Apex 22/28 (79) 20/36 (56) 

Anterior wall 5/6 (83) 6/7 (86) 








Numbers indicate reversible defects divided by total number of defects for that 
segment, with percentage in parentheses. 


TABLE Ill Thallium-201 Scan After Angiography in Patients 
with Left BBB: Sensitivity, Specificity and Accuracy of 


Qualitative and Quantitative Criteria 





Qualitative 
Anterior septum 13/19 (68%) 10/18 (56%) 23/37 (62%) 
Apex 13/19 (68%) 8/18 (45%) 21/37 (57%) 
Anterior wall 8/19 (42%) 14/18 (78%) 22/37 (59%) 
Quantitative 
Anterior septum 11/15 (73%) 9/16 (56%) 20/31 (65%) 
Apex 14/15 (93%) 3/16 (19%) 17/31 (55%) 
Anterior wall 4/15 (27%) 15/16 (94%) 19/31 (61%) 


Abbreviations as in Table l. 


visually by an experienced cardiologist. A significant 
stenosis affecting the left anterior descending artery ter- 
ritory was defined as >70% luminal narrowing of the 
proximal, mid- or distal left anterior descending artery, 
or first septal or diagonal branches, or >50% in the left 
main coronary artery. !4 


RESULTS 

Mean peak heart rate and systolic blood pressure 
were 129 beats/min (range 80 to 194) and 166 mm Hg 
(range 90 to 235), respectively. The average rate-pres- 
sure product was equivalent to 21,515 (range 11,200 to 


758 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 





33,950). Thirty-eight patients had left anterior descend- 
ing artery territory disease. 

The sensitivity of reversible or fixed defects, or both, 
in the anterior septum was 68 and 58% by subjective 
and quantitative analyses, respectively. However, speci- 
ficity was poor. An apical perfusion defect was most 
sensitive but also nonspecific. An anterior wall defect 
was least sensitive but most specific. Diagnostic accura- 
cy ranged between 46 and 57% for all criteria (Table 
I). Reversible defects accounted for a significant major- 
ity of true- and false-positive studies in all segments 
(Table II). 

Receiver-operator characteristic analysis revealed 
that a perfusion defect in the apex by qualitative inter- 
pretation was the best criterion for disease of vessels 
within the left anterior descending artery territory. 

Abnormal perfusion of the anterior wall in combina- 
tion with a normal septum was noted only once (by 
subjective analysis); angiography revealed a 60% steno- 
sis of the left main coronary artery in this patient. 

To overcome possible post-test referral bias on the 
above-mentioned results, we also examined these crite- 
ria in 37 patients undergoing thallium-201 imaging af- 
ter coronary angiography had been performed. Sensi- 
tivity, specificity and accuracy were generally only 
slightly higher in all categories (Table III). 


DISCUSSION 

Resting LBBB is most frequently due to underlying 
coronary artery disease or hypertension.®?!>:!© Most 
epidemiologic studies in LBBB have concluded that the 
former is independently associated with reduced life ex- 
pectancy.*:!6 Thus, noninvasive identification of stenosis 
of coronary arteries in their population may enhance 
treatment regimens. However, our data confirm previ- 
ous reports in which septal perfusion defects on thalli- 
um-201 imaging are of indeterminate significance.'® 
Furthermore, modified interpretative criteria using ei- 
ther the apex or the anterior wall do not improve diag- 
nostic accuracy for left anterior descending artery terri- 
tory disease to clinically useful levels. Therefore, alter- 
native diagnostic strategies need to be developed for 
patients with LBBB. 

In the past, the specificity of thallium-201 scanning 
for left anterior descending artery stenosis in LBBB has 
ranged between 0! and 27%.° In this study, the spec- 
ificity was equivalent to 33 (qualitative) and 44% 
(quantitative). The slightly higher specificity in this 
study may have been due to exclusion of isolated perfu- 
sion defects in the inferior septum, because these are 
usually due to right coronary artery disease.'! 

As with previous studies,!~* most false-positive find- 
ings in the anterior wall and septum were related to 
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reversible rather than fixed defects. By qualitative inter- 
pretation, most false-positive studies in the apex were 
also reversible. However, nearly one-half of the apical 
false-positive findings by the quantitative method were 
due to fixed defects. Possible explanations for the latter 
include breast attenuation and exaggerated apical thin- 
ning in patients with LBBB. 

Recently, apical perfusion abnormalities on thalli- 
um-201 scintigraphy have been proposed to be sensitive 
and specific for left anterior descending artery stenosis 
in patients with LBBB.’ In our study, this finding was 
the best criterion by receiver-operator characteristic 
analysis for disease of the left anterior descending ar- 
tery territory. However, although highly sensitive, api- 
cal defects lacked specificity and accuracy. The discrep- 
ancy in specificity may be related in part to dissimilar 
definitions of coronary artery disease by angiography; 
we selected 70% stenosis of the left anterior descending 
artery according to the Coronary Artery Surgery Study 
criteria,'* whereas Matzer et al’ considered 50% steno- 
sis as significant. However, reanalysis of our data using 
their angiographic definition revealed a further decline 
in specificity (17 and 4% by qualitative and quantita- 
tive methods, respectively) and no significant change in 
diagnostic accuracy (55% by both methods). This sug- 
gests that our study group may differ in clinical and 
angiographic characteristics from the patients reported 
by Matzer et al.’ 

In this study, abnormal anterior wall perfusion (re- 
gardless of findings in the septum or apex) was relative- 
ly specific but insensitive for coronary artery disease. 
DePuey et al? noted anterior wall perfusion defects in 4 
patients with >50% stenosis of the left anterior de- 
scending artery, with only 1 false-positive study and a 
specificity of 90%. However, their sample size was 
small (n = 14) and few patients had coronary artery 
disease. These investigators postulated that an “‘isolat- 
ed” anterior wall perfusion abnormality (i.e., accompa- 
nied by a normal septum) may be more specific. How- 
ever, this combination was encountered only once in 
our series. Although this scintigraphic finding correctly 
predicted coronary artery disease in this case, the rarity 
with which it occurred in this study group with LBBB 
may limit its use in clinical practice. Furthermore, be- 
cause the diagnostic accuracy of each criterion in our 
series was relatively low (46 to 57%), we believe that 
interpretative strategies based on other combinations of 
the apex, and anterior septum and wall would also be 
diagnostically unproductive. 

Important limitations of this study include its retro- 
spective analysis of patients referred to a major health 
center and uniformly investigated with coronary angi- 
ography. Our results may therefore not readily apply to 


patients undergoing prospective evaluation at other in- 
stitutions. However, patients undergoing thallium- 
201 tomographic imaging after coronary angiography 
would not have been subject to the same post-test refer- 
ral bias, since coronary anatomy was already known. 
The sensitivity, specificity and accuracy in these pa- 
tients were only slightly higher than the overall group, 
suggesting that our conclusions are valid. 

Referral bias may also have contributed to the high 
prevalence of septal perfusion abnormalities in this 
study (56 of 83 [67%] patients). Jazmati et al!” indicat- 
ed that the prevalence of this scintigraphic finding 
would be much lower (14%) in unselected patients. 
However, their results may have been an underestima- 
tion, since only planar views were incorporated into 
their image acquisition protocol. 

In conclusion, this study confirms that a fixed or 
reversible perfusion defect in the septum is indetermi- 
nate for coronary artery disease. Furthermore, current- 
ly proposed modified criteria using either the apex or 
anterior wall do not increase diagnostic accuracy to 
clinically useful levels. Thus, this report suggests that 
exercise thallium-201 tomographic imaging is of doubt- 
ful use in the evaluation of patients with LBBB. 
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a pce ha SS sd a 
Midventricular obstruction is an uncommon find- 


ing previously defined by catheterization and an- 
giographic techniques in patients with hypertro- 
phic cardiomyopathy. This study describes the 
clinical and echocardiographic findings of 10 
consecutive patients (mean age 73 years) with 
severe concentric left ventricular (LV) hypertro- 
phy and the unusual finding of a dynamic systol- 
ic obstruction located in the midportion of the 
left ventricle. All patients were known to have 
chronic hypertension, and none had a history or 
family history of hypertrophic cardiomyopathy. 
In each case, a well-defined, high velocity, turbu- 
lent jet was identified by Doppler color flow im- 
aging and subsequently confirmed with conven- 
tional Doppler techniques. Septal and posterior 
wall thickness averaged 1.67 and 1.57 cm, re- 
spectively. Mean LV mass index was 199 g/m2 
and ejection fraction averaged 78%. Peak sys- 
tolic velocity obtained by continuous-wave Dopp- 
ler averaged 2.7 m/s and appeared as either a 
“‘late-peaking”’ or a “spike and dome” configu- 
ration. Seven of 10 patients gave a history of 
syncope or severe presyncope at the time of 
echocardiographic examination. At a mean fol- 
low-up of 1 year, syncope or presyncope had re- 
solved in 5 patients in whom medication was ad- 
justed based on the ultrasound study, but per- 
sisted in 2 patients in whom diuretic therapy was 
continued. It is concluded that obstruction to sys- 
tolic flow can occur at the mid-LV level in some 
patients with severe concentric LV hypertrophy 
and avoidance of medication known to lower LV 
volume may relieve symptoms of transient inade- 


quate cardiac output. 
(Am J Cardiol 1991;68:761-765) 
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bstruction to systolic outflow is a common 
O finding in hypertrophic cardiomyopathy. Most 

typically, a dynamic gradient occurs in the left 
ventricular (LV) outflow tract and is associated with 
systolic anterior motion of the mitral valve.! Systolic 
outflow obstruction at the mid-LV level has rarely been 
described.?-5 Mid-LV obstruction has been noted in the 
setting of midventricular hypertrophy!? and apical hy- 
pertrophic cardiomyopathy,® and may coexist with api- 
cal wall motion abnormalities.* Until recently, the diag- 
nosis of mid-LV obstruction has required left-sided car- 
diac catheterization and angiography? to define the 
presence and location of a mid-LV gradient. 

The present study was prompted by the unexpected 
echocardiographic finding of high-velocity, turbulent 
flow on Doppler color flow imaging originating in the 
mid-LV cavity and not related to the mitral valve or 
outflow tract. Severe concentric LV hypertrophy was 
also present and appeared to be causally related to the 
obstruction. The description of this flow pattern and 
associated echocardiographic findings in 10 patients 
with severe LV hypertrophy forms the basis of this re- 
port. 


METHODS 

Study group: Of approximately 24,000 echocardio- 
graphic studies performed at the University of Ken- 
tucky Medical Center from 1986 to 1990, 10 patients 
were identified as having severe concentric LV hyper- 
trophy and a readily definable, discrete, high-velocity 
jet originating in the midportion of the left ventricle 
below the level of the mitral leaflets as seen with color 
flow imaging. The LV midregion was defined as the 
area extending from the base of the papillary muscles 
to the tips of the papillary muscles as seen in the apical 
4-chamber view.’ Patients with asymmetric septal hy- 
pertrophy, systolic anterior motion of the mitral valve, 
or the apical form of hypertrophic cardiomyopathy 
were excluded from the study. Patients in whom high- 
velocity flow began in the LV outflow tract were also 
excluded. Similarly, patients with aortic stenosis, aortic 
regurgitation (other than mild as judged by color flow 
imaging®), mitral valve disease (other than mild regur- 
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TABLE I Patient Characteristics, Vital Signs and Echocardiographic Features 


Age (yr) BP HR 
Pt. & Sex (mm Hg) (beats/min) 


130/60 
130/82 
156/60 
120/80 
120/60 
150/90 
150/90 
200/90 
150/80 
133/60 


BP = blood pressure; EF = ejection fraction; HR = heart rate; LV = left ventricular. 


Thickness (cm) 


gitation?) and severe pulmonary hypertension were ex- 
cluded. 

Echocardiographic studies: All patients were stud- 
ied using commercially available equipment able to 
produce M-mode and 2-dimensional images, spectral 
Doppler recordings (pulsed and continuous-wave) and 
color Doppler flow imaging. Color flow imaging was 
performed using a variance mode so that turbulent flow 
was encoded as green surrounded by multiple lighter 
colors indicating high-velocity flow. Transducers with 
carrier frequencies of 2.5 to 3.5 MHz were used. Depth 
and angle of sector arc were adjusted to maximize 
frame rate. Ultrasonic data were recorded on 0.5-inch 
videotape for subsequent playback and analysis. In ad- 
dition to color flow imaging, mapping of the spatial 
configuration of the jet was performed with pulsed- 
wave Doppler ultrasound. Peak velocity was obtained 
using continuous-wave Doppler with the interrogating 
beam directed parallel to the jet as defined by color 
flow imaging. Echocardiographic data were reviewed 
by experienced personnel who were unaware of the spe- 
cifics of presenting complaint or diagnosis. 

Analysis of ultrasound studies: The thickness of the 
LV posterior wall and septum, and the LV end-diastol- 
ic and end-systolic dimensions, were obtained from 
2-dimensional or 2-dimensional—directed M-mode re- 
cordings.!° LV mass was determined using the method 
of Troy et al!!: mass = 1.05[LVEDD + 2h)? — 
(LVEDD)?] where LVEDD = LV end-diastolic di- 
mension and h = posterior wall thickness. Peak systolic 
velocity of the mid-LV jet was measured from continu- 
ous-wave Doppler recordings. 

Analysis of ventricular function: LV volumes were 
determined by tracing the end-diastolic and end-systolic 
endocardial borders as obtained in the apical 4-cham- 
ber view using Simpson’s rule.!>!3 Ejection fraction 
was determined in standard fashion using digital tech- 
nology (Nova Microsonics, Noblesville, Indiana). LV 
wall motion was graded as normal, hypokinetic, akinet- 
ic or dyskinetic according to standard recommenda- 
tions. !4 


Ventricular Septum 





LV Mass 
Index (g/m?) 


Posterior Wall 
Thickness (cm) 


Peak Velocity EF 
(m/s) (%) 


Statistical analysis: Results are reported as mean + 
|] standard deviation. 


RESULTS 

Clinical characteristics at the time of the study are 
listed in Table I. There were 9 women and | man 
(mean age 73 years, range 52 to 94). Two were black; 
8 were white. No patient had a family history of hyper- 
trophic cardiomyopathy or sudden cardiac death. A 
history of cardiovascular disease was present before the 
echocardiographic study in all cases, and included hy- 
pertension (n = 10), syncope or severe presyncope (n = 
7), coronary artery disease (n = 3) and cerebrovascular 
accident (n = 1). Conditions that prompted the ultra- 
sonic study included: syncope in 4, severe recurrent pre- 
syncope in 2, transient ischemic attack in 1, cardiac 
arrest in 1, hemodynamic instability after a motor vehi- 
cle accident in 1, and evaluation of a murmur in 1. 

Mean blood pressure at the time of the echocardio- 
graphic study was 99 + 15 mm Hg and heart rate 
averaged 79 + 11 beats/min. Physical examination re- 
vealed a systolic murmur in 8 of 10 cases. 

Electrocardiographic analysis: Electrocardiography 
revealed sinus rhythm in 9 and atrial fibrillation in 1. 
Four patients met the criteria for LV hypertrophy!> 
and 1 had left bundle branch block. Two had increased 
voltage suggestive of LV hypertrophy and 2 others had 
nonspecific ST-T abnormalities. 

Echocardiography: LV end-diastolic and end-systol- 
ic dimensions averaged 3.8 + 0.7 and 1.8 + 0.4 cm, 
respectively. Mean shortening fraction was 52.1%. Sep- 
tal and posterior wall thickness averaged 1.69 + 0.26 
and 1.58 + 0.27 cm, respectively. LV mass averaged 
315 + 139 g and LV mass index averaged 199 + 73 
g/m? (range 114 to 353). Two-dimensional imaging re- 
vealed normal or hyperkinetic wall motion in all sub- 
jects but 1 who had dyskinesia of the basal portion of 
the inferior wall. Ejection fraction averaged 78.2 + 
10%. 

Doppler echocardiography: By definition, all study 
subjects had abnormal systolic flow patterns in the LV 
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midregion as viewed by color flow imaging (Figure 1). 
Mapping with pulsed-wave Doppler echocardiography 
confirmed the presence and extent of high-velocity 
flow. Peak systolic velocity obtained by continuous- 
wave Doppler echocardiography averaged 2.7 + 0.8 
m/s (range 1.9 to 4.5). The systolic velocity profile ob- 
tained by continuous-wave Doppler echocardiography 
revealed a “late-peaking” configuration in 8 patients 
(Figure 2) and a “spike and dome” pattern in 2 (Figure 
3). The onset of high-velocity flow occurred relatively 
late in systole, with a mean delay from initiation of 
depolarization to peak velocity of 211 + 44 ms. 

Concurrent medications: Seven of the 10 patients 
were receiving medications that might have aggravated 
the mid-LV obstruction. Seven were receiving diuretics 
(furosemide in 5 patients). Five patients were receiving 
digoxin. 

As a direct consequence of the echocardiographic 
examination, medications were altered in 8 patients. 





Most frequently, furosemide or digoxin was discontin- 
ued and therapy with a 8 blocker or verapamil was 
initiated. 

Follow-up: At a mean follow-up of 11.9 + 13.2 
months (range | to 48), 2 patients had died. One death 
was due to sepsis and the other occurred suddenly, | 
and 11 months after the echocardiographic examina- 
tion, respectively. For the 7 patients with a history of 
syncope or severe presyncope before echocardiographic 
evaluation, no recurrence of syncope /presyncope was 
experienced for the 5 patients in whom medications 
were adjusted. Syncope and presyncope have recurred 
in the 2 patients in whom medical therapy was not al- 
tered. 


DISCUSSION 

Mid-LV obstruction to systolic blood flow is a rare 
condition previously defined by catheterization and an- 
giography.'° The present study reports the finding of 









FIGURE 1. Serial images of a single cardiac cycle shown by 2-dimensional echocardiography with color Doppler flow imaging. 
A, early systole before onset of obstruction; B, midsystole with obstruction shown as a narrow band of lighter colors indicating 
high-velocity flow in mid-left ventricle. Several levels of aliasing are seen on apical side of obstruction, suggesting acceleration of 
flow velocity as it approaches mid-left ventricle. After the point of obstruction, velocity declines; C, as systole continues, flow is 
interrupted at point of obstruction; D, early diastole with flow traversing mitral valve (encoded red). Whereas slow frame rate 
simulating simultaneous systolic flow at the apex and diastolic flow at the base cannot be excluded, persistence of high-velocity 
turbulent systolic flow on the apical side of the point of obstruction suggests protracted contraction in that area. 
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high-velocity flow indicative of a systolic gradient, oc- 
curring in the mid-LV region of some patients with se- 
vere concentric LV hypertrophy. The occurrence of ob- 
struction to flow at a site well below the outflow tract 
confirms that the mitral valve is not essential to produc- 
tion of a systolic gradient in some patients. Further- 
more, the high prevalence of syncope and presyncope in 
patients with mid-LV obstruction supports the clinical 
significance of a large systolic gradient in these cases. 

Location of obstruction to systolic flow in cardiac 
hypertrophy: It is unclear whether marked concentric 
LV hypertrophy occurring in elderly hypertensive pa- 
tients is a form of hypertrophic cardiomyopathy!®'* or 
merely a manifestation of hypertension.'?”°? Nonethe- 
less, investigators on either side of this controversy have 
noted the site of intraventricular obstruction to be the 
LV outflow tract.!®!9 Previous studies have used spec- 
tral Doppler echocardiography to evaluate the outflow 
gradient and demonstrated that the timing and configu- 
ration of the Doppler velocity profile are similar to that 
found in younger patients with the classic form of 
hypertrophic cardiomyopathy.*?! Furthermore, it has 
been shown that systolic anterior motion of the mitral 
valve is common in elderly patients with concentric LV 
hypertrophy!®22 and may contribute to the outflow 
tract gradient. 

Other than case reports,” previous studies us- 
ing conventional spectral Doppler echocardiography to 
evaluate systolic flow in patients with cardiac hypertro- 
phy have not noted mid-LV obstruction.!9:7!24 Al- 
though this condition remains uncommon, the finding 
of mid-LV obstruction may also be related to the rela- 
tively recent application of color flow mapping that en- 
ables simultaneous 2-dimensional imaging and Doppler 
assessment of blood flow velocities throughout the ven- 
tricle. In that regard, Zoghbi et al? described 3 pa- 





FIGURE 2. Spectral display of continuous-wave Doppler echo- 
cardiographic study showing a “late-peaking” appearance to 
systolic velocity profile in a patient with severe concentric left 
ventricular hypertrophy and mid-left ventricular obstruction. 





tients with apical hypertrophic cardiomyopathy and 
mid-LV obstruction. In 1 patient, the condition was 
first noted with color flow imaging. 

Mechanism of systolic gradient: The cause of mid- 
LV obstruction remains unclear. Falicov et al* suggest- 
ed that gross hypertrophy of the papillary muscles as 
well as the interventricular septum could result in oblit- 
eration of the mid-LV area during systole. Alternative- 
ly, the coexistence of an apical aneurysm with mid-LV 
hypertrophy had led some investigators to consider the 
apical wall motion abnormality as an etiologic factor in 
mid-LV obstruction.!:234 The present study suggests 
that apical wall motion abnormalities do not underlie 
all cases of mid-LV obstruction. In cases of concentric 
hypertrophy, it appears that hypertrophy itself (includ- 
ing papillary muscle hypertrophy) is the likely cause. 

Role of medication: The high prevalence of syncope 
or presyncope in the study group (70%) suggests that 
the finding of a mid-LV gradient has clinical impor- 
tance. Patients with symptoms of transient cerebral hy- 
poperfusion were receiving medication that might have 
promoted formation of an intraventricular gradient by 
decreasing LV volume. Although Doppler studies were 
not repeated after medication adjustment, the relief of 
symptoms for patients whose drugs were altered sug- 
gests an important role for diuretics and digoxin in the 
provocation of symptomatic mid-LV obstruction in pa- 
tients with severe concentric LV hypertrophy. 

Study limitations: Our definition of mid-LV ob- 
struction is restrictive for patients with asymmetric sep- 
tal hypertrophy (including apical hypertrophic cardio- 
myopathy) and patients with significant valvular abnor- 
malities including systolic anterior motion of the mitral 
valve; such patients were eliminated, leaving a small 
study population. Nonetheless, the clinical and echocar- 
diographic features appear consistent with a pathophys- 
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FIGURE 3. Continuous-wave Doppler showing a “‘spike 
and dome” systolic velocity profile in a patient with severe 
concentric left ventricular hypertrophy and mid-left ventricular 
obstruction. 
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iologic state of severe concentric LV hypertrophy and 
systolic dysfunction due to mid-LV obstruction, possi- 
bly promoted by decreased LV volume. 

The intraventricular gradients revealed by Doppler 
echocardiography varied in severity, and the mid-LV 
obstruction in some may be considered insufficient to 
Cause symptoms. Patients were all supine at the time of 
the Doppler study, however, and it is likely that intra- 
ventricular gradients would have increased considerably 
on standing. 

Finally, we cannot eliminate the possibility that im- 
paired diastolic function predisposed to development of 
impaired cerebral perfusion. In that regard, it has been 
demonstrated that impaired diastolic performance with 
inadequate filling results in depressed systolic function 
during exercise in patients with cardiac hypertrophy.?° 

Clinical implications: Mid-LV obstruction should be 
considered as an additional, although uncommon, cause 
of LV dysfunction in patients with severe concentric 
LV hypertrophy. The identification of mid-LV obstruc- 
‘tion by Doppler echocardiography enables a more ap- 
propriate choice of antihypertensive medication that 
may eliminate systolic dysfunction as well as improve 
diastolic performance. In particular, agents known to 
decrease LV volume (diuretics, inotropes, venodilators) 
should be avoided, and agents known to promote LV 
filling (8 blockers, calcium antagonists) should be con- 
sidered in hopes of improving symptoms.!2° Further- 
more, medications known to cause regression of LV hy- 
pertrophy in elderly hypertensive patients?® should be 
considered in hopes of correcting the primary patho- 
physiologic problem. 
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CARDIOMYOPATHY 


Adrenergic Hypersensitivity After Beta-Blocker 
Withdrawal in Hypertrophic Cardiomyopathy 


David M. Gilligan, MRCPI, Wan L. Chan, MB, Ralph Stewart, MB, and Celia M. Oakley, FRCP, 
with the technical assistance of Shirley Krikler, and Jayshree Joshi, BSc 


Withdrawal of 8-blocker therapy has been asso- 
ciated with the development of adrenergic hyper- 
sensitivity and adverse clinical effects in patients 
with coronary artery disease and hypertension. 
The aim of this study was to establish the occur- 
rence and clinical significance of adrenergic hy- 
persensitivity after abrupt withdrawal of long- 
term £ blockade in hypertrophic cardiomyopa- 
thy. Beta-adrenergic sensitivity was measured 
using the isoprenaline chronotropic dosez2s. 
Symptom assessment chronotropic doses calcu- 
lation, bicycle exercise, echocardiography and 
Holter monitoring were performed while the pa- 
tient received 6-blocker therapy and repeated on 
days 2, 4, 6, 8 (acute withdrawal period) and on 
day 21 after abrupt withdrawal. The study was 
terminated after 7 patients had been studied be- 
cause all patients experienced a marked deterio- 
ration in symptoms and several clinical events 
had occurred. 

The chronotropic dose2; (mean + standard 
deviation) demonstrated §;-adrenergic hypersen- 
sitivity with a minimal value of 1.6 + 0.8 ug dur- 
ing the acute withdrawal period compared with 
3.8 + 1.7 ug on day 21 (p = 0.003). Heart rates 
during rest and exercise showed an overshoot in- 
crease during the acute withdrawal period. The 
maximal 24-hour ventricular ectopic count was 
higher during the acute withdrawal period than 
during day 21 (p = 0.04). Of 3 patients with in- 
ducible outflow tract gradients, 2 developed rest- 
ing gradients >30 mm Hg during the acute with- 
drawal period. There was an increase in peak 
late filling velocity of mitral inflow after £f- 
blocker withdrawal. In conclusion, transient 
B-adrenergic hypersensitivity occurs after 6- 
blocker withdrawal in hypertrophic cardiomyop- 
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athy and is associated with significant physiolog- 
ic changes and adverse clinical consequences. 
(Am J Cardiol 1991;68:766-772) 


fects of abrupt 6-adrenergic blocker withdrawal 
were first reported in 1973,' and since then several 
case reports and clinical trials have reported the devel- 
opment of unstable angina, myocardial infarction and 
even sudden death when 8-blocker therapy was stopped 
suddenly.2-+ Hypertensive patients who discontinue 6 
blockers may also have increased cardiovascular mor- 
tality and morbidity in the withdrawal period,>° and a 
B-blocker withdrawal syndrome, manifested by palpita- 
tion, anxiety and hypertension above pretreatment lev- 
els may occur in some patients.” These adverse effects 
may be due to transient adrenergic hypersensitivity af- 
ter 6-blocker withdrawal. In normal subjects and in pa- 
tients with hypertension, hypersensitivity to catechol- 
amine stimulation has been shown to begin 24 to 48 
hours after 8 blockers are withdrawn and may last for 
up to 14 days.’-? This hypersensitivity has been attrib- 
uted to an increase in -receptor numbers or sensitivity 
(up-regulation) during therapy that persists temporarily 
after the elimination of a 6-blocking drug.!%!! 
Although 8 blockers are widely used in hypertrophic 
cardiomyopathy,!?-!3 the question of whether adrener- 
gic hypersensitivity occurs after 6-blocker withdrawal 
has not been investigated in this condition. Since pa- 
tients with hypertrophic cardiomyopathy have a sub- 
strate for the development of arrhythmia! ischemia!> 
and labile outflow tract obstruction,!® 6-blocker with- 
drawal may be especially hazardous. Additionally it has 
been suggested that inherent adrenergic hypersensitivity 
may be a feature of the development of this condition. !” 
The aim of this study was to determine the occurrence 
and significance of adrenergic hypersensitivity after 
abrupt withdrawal of 8 blockade in hypertrophic car- 
diomyopathy. 


I n patients with coronary artery disease, adverse ef- 


METHODS 
Patients: The diagnosis of hypertrophic cardiomy- 
opathy was based on typical clinical and electrocardio- 
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TABLE I Clinical Features and Beta-Blocker Therapy (n=7) 


NYHA 
Class 


Age (yr) Drug 


Therapy 


Atenolol 
Atenolol 
Atenolol 
Atenolol 
Propranolol 
Propranolol* 
Propranolol 
*Long-acting preparation of propranolol. 


ASH = asymmetric septal hypertrophy; ISMN = 


isosorbide mononitrate; IVS = 
present; — = ASH absent; 0 = none. 


graphic findings in association with a hypertrophied, 
nondilated left ventricle on 2-dimensional echocardiog- 
raphy, in the absence of a cardiac or systemic cause of 
such hypertrophy. Patients were considered suitable for 
study if they had been treated with 8 blockers for >3 
months and if there was a clinical indication to stop 8- 
blocker therapy. Exclusion criteria were (1) a resting 
left ventricular outflow tract gradient >30 mm Hg (at 
cardiac catheterization or derived from Doppler flow 
velocity) since isoprenaline was to be used to test adre- 
nergic sensitivity; (2) atrial fibrillation or permanent 
pacemaker; (3) congestive heart failure; (4) a history 
of serious deterioration on previous withdrawal of 8 
blockers; and (5) a history of cardiac surgery, coronary 
artery disease or other concurrent disease. The clinical 
features, drug therapy and indication for 6-blocker 
withdrawal in the 7 patients studied are listed in Table 
I. Four patients were receiving cardioactive medication 
other than 8 blockers (Table I). To avoid confound- 
ing effects, these drugs were maintained unchanged 
throughout the study period even though they were 
likely to mitigate the effects of adrenergic hypersensi- 
tivity. 

Study protocol: The study was approved by the hos- 
pital ethics committee. All patients gave written, in- 
formed consent. Patients were admitted to the hospital 
and assessed on day 0 (with 6 blocker) and on days 2 
4, 6 and 8 after abrupt cessation of a 6 blocker. If well, 
patients were discharged on day 9 and restudied on day 
21, when adrenergic hypersensitivity would be expected 
to have resolved.® 

Methods: Six tests were performed on each study 
day. Tests were always performed in the following or- 
der and begun in the early afternoon: 

l. HEART RATE AND BLOOD PRESSURE: Heart rate and 
blood pressure were measured after 5 minutes supine 
rest. 

2. ECHOCARDIOGRAPHY AND DOPPLER: All studies were 
performed with a Toshiba Sonolayer SSH 65A phased- 
array ultrasound system using a 3.75-MHz transducer 





B Blocker 


Indication for 
Withdrawal 


Duration 
(yrs) 


Dose Concomitant 
(mg) Drug Therapy (mg/day) 


100 : Fatigue 0 

100 Fatigue Amiodarone (200) 
100 Resistant symptoms Verapamil (240) 
200 Resistant symptoms 0 

360 Fatigue, depression 

320 Resistant symptoms 

240 Reduced systolic function 


Amiodarone (200) 
0 


ISMN (30) 


intraventricular septum; NYHA = New York Heart Association; PW = posterior wall; + = ASH 


for 2-dimensional echocardiography and a 2.5-MHz 
transducer for Doppler. Left ventricular end-systolic 
and end-diastolic dimensions were measured from the 
parasternal short-axis view at the level of the tips of the 
mitral leaflets. Transmitral early (E wave) and late (A 
wave) peak inflow velocities were measured by sam- 
pling with pulsed Doppler proximal to the mitral leaflet 
tips and recording in midexpiration. An average of 3 
values was taken. The left ventricular outflow tract ve- 
locity was measured by continuous-wave Doppler from 
the apical 5-chamber window. On 1 occasion in the 
withdrawal period (usually day 4), Doppler was per- 
formed during the isoprenaline sensitivity test (see lat- 
er) to determine the maximal inducible left ventricular 
outflow tract velocity and derived pressure gradient. 
Where possible, all studies in an individual patient were 
performed by 1 operator. All echocardiographic mea- 
surements were obtained by 1 experienced observer 
(RS). 

3. ISOPRENALINE SENSITIVITY TEST: The heart rate 
changes produced by small incremental bolus doses of 
isoprenaline were measured as an index of cardiac Bi- 
adrenergic sensitivity.®!8 Baseline heart rate was calcu- 
lated as the mean of 10 RR intervals before each iso- 
prenaline dose. An initial bolus of isoprenaline 0.1 ug 
was given into a rapidly running intravenous infusion of 
5% dextrose. A 3-lead electrocardiogram was recorded 
continuously for the next 3 minutes. If the heart rate 
did not increase, the next dose of 0.25 ug was given and 
the dose thereafter doubled (maximal dose 256 ug) un- 
til an increase in heart rate of 30 to 35 beats resulted. A 
linear regression analysis was performed between the 
logarithms of each isoprenaline dose and the resulting 
maximal increase in heart rate. From this regression 
equation the isoprenaline dose required to raise the 
heart rate by 25 beats/min was calculated (“‘chronotro- 
pic doses” [CD95], Figure 1). 

4. EXERCISE TEST: Symptom-limited exercise tests 
were performed on an electrically braked bicycle er- 
gometer (ERG 551, Bosch) in the upright position in 3- 
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Change in 
Heart Rate 


beats/min 


0.2 0.4 0.6 


Log dose of Isoprenaline 


FIGURE 1. Method of calculation of the dose of isoprenaline 
required to increase heart rate by 25 beats/min = chronotro- 
pic dose2s (CD25). In this example logarithms (Log) of 4 iso- 
prenaline doses are plotted against resulting changes in heart 
rate, a regression line is plotted between these points, and 
CD25 is derived from the regression equation. 


minute incremental stages. Patients performed at least 
1 exercise test before the study, so that they were famil- 
iar with the test and individualized work load protocols 
could be determined. The mean (+ standard deviation) 
starting work load was 26 + 12 W and the mean 3- 


Days following Beta-Blocker Withdrawal 








minute increment was 20 + 7 W. Heart rate and blood 
pressure at each work load and at peak work load were 
recorded together with the time to chest pain or ST 
depression, or both. 

5. TWENTY-FOUR-HOUR HOLTER MONITOR: Two-chan- 
nel Holter monitoring was performed using “Tracker” 
recorders (Reynold’s Medical). Tapes were analyzed by 
a technician on a Pathfinder 3 high-speed analyzer 
(Reynold’s Medical) and reviewed by | of the investi- 
gators (DG). Minimal and maximal heart rates, the 
number of supraventricular and ventricular extrasys- 
toles in 24 hours and the occurrence of supraventricular 
or ventricular tachycardia (23 extrasystoles at a rate of 
>120 beats/min) were recorded. 

6. SYMPTOMS: Patients scored chest pain, breathless- 
ness, palpitation and presyncope or lightheadedness on 
a 0 to 4 scale of severity. The 4 individual symptom 
scores were combined to give a total symptom score. 

Statistical analysis: A “summary measures” tech- 
nique was used to determine if hypersensitivity oc- 
curred: the minimal or maximal value (e.g., minimum 
for CD»; and maximum for heart rate) demonstrated 


FIGURE 2. Logarithms (LOG) of the 
chronotropic dose2s (CD25) of iso- 
prenaline in each patient while re- 
ceiving 6-blocker therapy (day 0) 
and after withdrawal. Patient 6 did 
not undergo serial testing because 
of chest pain with isoprenaline. In 
all patients except patient 2, CD25 
decreases to a nadir in the first 
week and then increases on day 21, 
indicating transient 8,-adrenergic 
hypersensitivity. 
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Days After Withdrawal 


















Supine rest 














*Minimal value. 
All values are mean + standard deviation. 


by a patient on days 2, 4, 6 or 8 were compared with 
the value on day 21.'9 Normally distributed data were 
compared using Student’s ¢ test for paired data and 
nonparametric data (ventricular extrasystole counts) 
using the Wilcoxon signed rank test. “Rebound” was 
defined as a significant change in a parameter from the 
B-blocked state to the acute withdrawal period which 
persisted to day 21. “Overshoot” was defined as a sig- 
nificant change in a parameter from the 8-blocked 
state to the acute withdrawal period that had reversed 
significantly by day 21. All group data are expressed as 
mean + standard deviation. A p value <0.05 was con- 
sidered significant. 


RESULTS 

The study was stopped after 7 patients had complet- 
ed the protocol because adrenergic hypersensitivity had 
been demonstrated, all patients had experienced symp- 
tomatic deterioration and important clinical events had 
occurred in 4. 

isoprenaline sensitivity: Patient 6 experienced chest 
pain with isoprenaline injections and therefore did not 
undergo serial testing of CD35. In the remaining 6 pa- 
tients, CD25 demonstrated a hypersensitivity pattern 
with a minimal value of 1.6 + 0.8 ug during the acute 
withdrawal period compared with 3.8 + 1.7 ug on day 
21, p = 0.003. All patients except patient 2 showed a 
hypersensitivity pattern (Figure 2). This patient was 
also receiving amiodarone which may have blunted the 
heart rate response. 

Hemodynamics (Table ll): Heart rate at rest dis- 
played an overshoot increase when §-blocking therapy 
was discontinued (Figure 3). Systolic blood pressure at 
rest did not change, but minimal diastolic blood pres- 
sure was lower during the acute withdrawal period than 


TABLE Il Rest and Exercise Hemodynamics During Beta-Blocker Withdrawal in Hypertrophic Cardiomyopathy 


(or nadir*) Peak Peak 
B Blocker on Day 2, vs 0 vs 21 
(day 0) Day 2 Day 4 Day 6 Day 8 4,60r8 Day 21 pValue pValue 





Heart rate (beats/min) 59 (10) 70 (16) 70 (12) 
Systolic BP (mm/Hg) 127(26) 126(20) 133 (20) 
Diastolic BP (mm/Hg) 79 (5) 79 (7) 83 (10) 
Rate-pressure product (0.000) 7.3(1.6) 8.8(1.2)  9.2(1.2) 
3-Minute exercise 
Heart rate (beats/min) 84(15) 101(17) 109(20) 
Systolic BP (mm/Hg) 139 (36) 147 (26) 148 (29) 
Diastolic BP (mm/Hg) 93 (9) 91 (8) 91 (9) 
Rate-pressure product (0.000) 11.5(2.8) 14.9(3.6) 16.2 (4.5) 
Peak exercise 
Heart rate (beats/min) 98 (26) 130 (22) 133 (33) 
Systolic BP (mm/Hg) 152 (32) 165(23) 163 (33) 
Diastolic BP (mm/Hg) 93 (13) 95 (8) 91 (12) 
Rate-pressure product (0.000) 15 (3) 22 (4) 22 (7) 
Duration exercise (s) 394(211) 503(277) 463 (366) 





Peak 















































72 (11) 76 (9) 80 (13) 71 (7) 0.002 0.02 
123 (23) 130(23) 134(20) 133 (24) 0.16 0.89 
79 (5) 82 (4) 75 (6)* 88 (9) 0.18 0.004 
8.9 (2.4)  9.8(1.7) 10.7(2.1) 9.3 (1.3) 0.002 0.12 
112 (25) 111(18) 116(21) 103 (17) 0.004 0.025 
146 (28) 144 (24) 152(29) 153 (33) 0.15 0.84 
93 (9) 89 (9) 87(10)* 96 (10) 0.14 0.006 
16.4 (5.3) 16.0(3.7) 17.6(4.8) 15.9 (5.2) 0.01 0.06 
139 (28) 144(26) 148(26) 133(25) <0.001 0.002 
168 (31) 167(24) 174(27) 169(29) 0.03 0.06 
92 (9) 94 (8) 87 (7)* 98 (11) 0.24 0.002 
23 (6) 24 (5) 26 (6) 23 (6) <0.001 0.009 
486 (277) 526(288) 568(309) 465(304) 0.02 0.02 
















a. 
Symptom Score 
16 


total 
symptom 
score 


b. 
24 Hour VE Count 


7 


log VE 


count 


B: 
LVOT Gradient 


0246 8 21 
Days following B-Blocker Withdrawal 





FIGURE 3. Individual and mean heart rates at rest (a.), and at 
submaximal (3 minutes [Mins]) (b.) and peak exercise (c.), 
while receiving 6-blocker (day 0) and in the days after with- 
drawal. In each state, heart rate shows an overshoot increase 
in the acute withdrawal period, although the timing of this 
phenomenon varies between individual patients. 
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during day 21. Exercise duration, peak heart rate, sys- 
tolic blood pressure and rate-pressure product all in- 
creased after 6-blocker withdrawal. Peak heart rate 
and minimal diastolic blood pressure demonstrated an 
overshoot increase and an overshoot decrease, respec- 
tively (Figure 3). Because the increase in exercise dura- 
tion may have caused these changes, the hemodynamic 
response to submaximal exercise (3 minutes) was also 
examined. Heart rate and diastolic blood pressure at 
submaximal exercise showed the same pattern as the 
peak exercise measurements (Figure 3). 

Symptoms and clinical events: All patients experi- 
enced a worsening of symptoms on withdrawing 6 
blockade and there was an overshoot increase in the 
total symptom score during the acute withdrawal peri- 
od (Figure 4). Patient 3 had chest pain at rest on the 
mornings of days 5 to 7. There were no electrocardio- 
graphic changes during pain and no increase in cardiac 
enzymes. Because of recurrent chest pain, final assess- 
ment was performed on day 17 rather than day 21 and 


A = mean 


maximum vs. day21, 
02 


heart rate 
beats/min 


b. 
3 Mins Exercise 
maximum vs. day21, 


p=0.025 


heart rate 
beats/min 4099 


80 


60 
21 
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Peak Exercise maximum vs. day21, 
200 002 


heart rate 
beats/min 
120 
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FIGURE 4. Individual and mean values for symptom score (a.), 
24-hour ventricular extrasystole (VE) count (b.) and left ven- 
tricular outflow tract (LVOT) gradient (c.) while receiving 
-blocker therapy (day 0) and in the days after withdrawal. 







TABLE Ili Echocardiographic and Doppler Parameters With 
and Without Beta-Blocker Therapy 


Without 
B Blocker 
(Day 8) 


With B Blocker 


(Day 0) p Value 




















Left ventricular end-diastolic 





43 (9) 42 (8) 0.81 

diameter (mm) 

Left ventricular end-systolic 30 (9) 30 (8) 1.00 
diameter (mm) 

Fractional shortening (%) 31 (6) 30 (7) 0.67 

Peak velocity of early filling 50 (9) AETA) -A 0.13 
(E, cm/s) 

Peak velocity of late filling 53 (24) 70(30) 0.03 
(A, cm/s) 

E/A ratio 1.2 (0.9) 0.6(0.2) 0.11 

Left ventricular outflow tract 1.4 (0.4) 1.7 (0.6) 0.08 
velocity (m/s) 


Values are mean + standard deviation. 


therapy with 8 blockers was resumed. Patient 4, who 
had a long history of syncope, | or 2 episodes per year, 
for which a precise mechanism had not been identified, 
experienced a further syncope on day 12. Patient 5, 
who had a history of anxiety /depressive neurosis, com- 
plained of increased chest pain, palpitation and presyn- 
cope and became acutely agitated on day 7, requiring 
psychiatric evaluation. Patient 6 developed a transient 
right hemiparesis on day 18. A computerized tomo- 
graphic brain scan was normal and echocardiography 
did not reveal any intracardiac thrombus. A clinical di- 
agnosis of transient ischemic attack secondary to cardi- 
ac embolism was made and long-term anticoagulation 
therapy was started. Six patients restarted medical 
therapy after completing the study because of symp- 
tomatic deterioration; 3 resumed 8 blockers and 3 be- 
gan therapy with calcium antagonists. One patient (no. 
1) had a transient increase in angina after 6-blocker 
withdrawal which had resolved by day 21 and, because 
the patient felt less fatigue without 6 blockers, he did 
not resume treatment. 

Holter monitoring: Ventricular tachycardia was doc- 
umented in 1 patient (no. 3) and supraventricular 
tachycardia in 3 (nos. 5 to 7) but these arrhythmias 
had no relation to adrenergic hypersensitivity. The 
maximal number of ventricular extrasystoles in a 24- 
hour period was significantly higher during the acute 
withdrawal period than on day 21 (Figure 4). There 
was, however, wide interpatient variation both in abso- 
lute ventricular extrasystole counts and in variation 
during the study period (Figure 4). 

Echocardiography/Doppler (Table lil): Three pa- 
tients had inducible left ventricular outflow tract gradi- 
ents >30 mm Hg with isoprenaline (Figure 5). Two of 
these patients (nos. 4 and 6) developed transient resting 
gradients >30 mm Hg in the acute withdrawal period 
(Figure 4). The mitral inflow pattern changed after 8- 
blocker withdrawal: The A wave increased significantly 
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and the E wave and E/A ratio tended to decrease. 
These changes were apparent by day 4 and were still 
present on day 21. 


DISCUSSION 

Adrenergic hypersensitivity: This study shows that 
transient 8;-adrenergic hypersensitivity develops in pa- 
tients with hypertrophic cardiomyopathy when long- 
term f blockade is stopped abruptly. Hypersensitivity 
was usually greatest on day 4 without treatment. CD35 
had increased in all patients by day 21 and it is likely 
that this level represents normal baseline adrenergic 
sensitivity.*? Our study does not provide any evidence 
for an inherently greater adrenergic sensitivity in pa- 
tients with hypertrophic cardiomyopathy because both 
the minimal CD25 values and the values on day 21 
were similar to those reported by Nattel et al® in 9 
hypertensive subjects using an identical isoprenaline 
sensitivity technique. 

Exercise hemodynamics: Patients displayed an 
overshoot increase in heart rate during both rest and 
exercise in the days after 8-blocker withdrawal. This 
indicates that the demonstrable 8, hypersensitivity to 
exogenous isoprenaline was accompanied by 6; hy- 
persensitivity to endogenous catecholamines. Diastolic 
blood pressure at rest and during exercise was lower 
during the acute withdrawal period, suggesting that 8- 
adrenergic hypersensitivity also occurred. The increases 
in rate-pressure product after 6-blocker withdrawal 
would have increased myocardial oxygen demand at 
rest and at any given work load without 8 blockers, 
especially during the period of adrenergic hypersensitiv- 
ity. Despite the increased symptomatology reported by 
the patients, mean exercise duration increased when 
therapy with 6 blockers was stopped. This probably re- 
flected the ability of these patients to achieve a higher 
rate-pressure product without 8 blockers. Therefore, 
exercise time was not a reliable indicator of overall 
symptomatic status in these patients. 

Symptoms and clinical events: All patients experi- 
enced symptomatic deterioration after 6-blocker with- 
drawal, with evidence of an overshoot symptom exacer- 
bation associated with adrenergic hypersensitivity. In 
addition, a number of clinical events occurred that may 
have been precipitated by the adrenergic hypersensitivi- 
ty state. In patient 3, recurrent chest pain compatible 
with myocardial ischemia may have been due, at least 
in part, to increased myocardial oxygen demand. The 
occurrence of an acute anxiety state in patient 5 could 
reflect a concomitant psychological withdrawal state. 
Although Al-Qassab et al?° did not detect central ner- 
vous system effects after 8-blocker withdrawal, their 
study was performed in normal subjects without a his- 
tory of psychiatric illness. The transient ischemic attack 
experienced by patient 6 probably occurred after the 





period of adrenergic hypersensitivity, but -blocker 
withdrawal may have contributed in that the supraven- 
tricular arrhythmias recorded on days 2 and 6 and the 
increased platelet aggregation associated with 6-blocker 
withdrawal?! would have predisposed to intracardiac 
thrombus formation. Finally, in patient 4, syncope on 
day 12 may have occurred by chance or may have been 
related to deterioration without 8 blocker therapy. 

Arrhythmia: The maximal 24-hour ventricular ex- 
trasystole count during the acute withdrawal period 
was significantly higher than the count on day 21, sug- 
gesting that adrenergic hypersensitivity was associated 
with increased ventricular arrhythmia. However, exam- 
ination of the individual data (Figure 4) shows that an 
important increase in the count during the acute with- 
drawal period occurred in only 1 patient (no. 5). The 
potential for 8-blocker withdrawal to exacerbate ar- 
rhythmia in hypertrophic cardiomyopathy may well 
have been underestimated in this study, since 2 patients 
were receiving amiodarone and 1 patient, verapamil, 
during the withdrawal period. 

Doppler echocardiography: Of the 3 patients who 
had inducible left ventricular outflow tract gradients, 2 
developed significant gradients at rest during the period 
of adrenergic hypersensitivity, although it is possible 
that these increases were coincidental. The demonstra- 
tion of adrenergic hypersensitivity after 6-blocker with- 
drawal in this study and the well-recognized sensitivity 
of outflow tract gradients to catecholamine stimula- 
tion'® suggest that resting outflow tract gradients could 
increase above pretreatment levels in the days after 8- 
blocker withdrawal. The increase in the A wave of 
Doppler inflow after stopping therapy with 8 blockers 
may be explained in part by an increased heart rate,22 
but the magnitude of the change suggests that addition- 
al factors were involved. A decrease in previously ele- 
vated left atrial and left ventricular end-diastolic pres- 


Post 
Isoprenaline 


FIGURE 5. Peak left ventricular outflow tract (LVOT) gradient 
as measured by Doppler before and after intravenous isopren- 
aline. Three patients (nos. 2, 4 and 6) show inducible gradi- 
ents >30 mm Hg. Post = after. 
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sures could explain the change in filling pattern,” and 
this would fit with the described lusitropic effect of 8- 
adrenergic stimulation in hypertrophic cardiomyopa- 
thy.24 Alternatively, the increased atrial contribution to 
filling could represent a deterioration in myocardial re- 
laxation and early filling without 8 blockers. In the set- 
ting of abrupt -blocker withdrawal, an increase in 
myocardial ischemia and other factors may adversely 
affect diastolic function and, interestingly, one of the 
main studies to show improvement in diastolic function 
with B-blockade was performed with treatment and 7 
days after abrupt withdrawal.” 

Implications for clinical practice and research: 
First, most research studies are performed after the 
temporary omission of therapy. From our results it is 
clear that this will be a time of adrenergic hypersensi- 
tivity, and the hemodynamic state and its responses will 
be different from those in the truly basal state. Studies 
should be performed 3 weeks after discontinuing thera- 
py. Second, our study suggests that abrupt discontinua- 
tion of 8 blockers is potentially deleterious but the opti- 
mal method of withdrawing long-term 8 blockade has 
not been established. Rango and Langlois? showed that 
gradual dose reduction and subsequent maintenance of 
low-dose 8 blockers for 3 weeks will prevent adrenergic 
hypersensitivity. Finally, although 6 blockers produce 
symptomatic benefit in hypertrophic cardiomyopathy, 
their use has not been associated with improved surviv- 
al.1426 Temporary omission of 8 blockers may have led 
to periods of excess risk, negating any beneficial effect 
of 8 blockers on survival. 

Conclusion: Transient $-adrenergic hypersensitivity 
occurs after abrupt withdrawal of 6-blocker therapy in 
hypertrophic cardiomyopathy and is associated with 
important physiologic changes and clinical deteriora- 
tion. Physicians and patients should avoid abrupt with- 
drawal of 6 blockers in hypertrophic cardiomyopathy. 
Clinical research studies performed during the tempo- 
rary omission of 8 blockers may be affected by the 
presence of adrenergic hypersensitivity. 


Acknowledgment: We are grateful to John G. F. 
Cleland, MD, for his advice and comments. 


REFERENCES 

1. Slome R. Withdrawal of propranolol and myocardial infarction, Lancet 
1973;1:156. 

2. Alderman EL, Coltart DJ, Wettach GE, Harrison DC. Coronary artery syn- 
dromes after sudden propranolol withdrawal. Ann Intern Med 1974;81:625-627. 
3. Miller RR, Olson HG, Amsterdam EA, Mason DT. Propranolol-withdrawal 


rebound phenomenon: exacerbation of coronary events after abrupt cessation of 
antianginal therapy. N Engl J Med 1975;293:416-418. 

4. Egstrup K. Transient myocardial ischemia after abrupt withdrawal of antiangi- 
nal therapy in chronic stable angina. Am J Cardiol 1988;61:1219-1222. 

5. Houston MC, Hodge R. Beta-adrenergic blocker withdrawal syndromes in 
hypertension and other cardiovascular diseases. Am Heart J 1988;116:515-523. 
6. Psaty BM, Koepsell TD, Wagner EH, LoGerfo JP, Inui TS. The relative risk of 
incident coronary heart disease associated with recently stopping the use of ĝ- 
Blockers. JAMA 1990;263:1653-1657. 

7. Boudoulas H, Lewis RP, Kates RE, Dalamangas G. Hypersensitivity to adre- 
nergic stimulation after propranolol withdrawal in normal subjects. Ann Intern 
Med 1977;87:433-436. 

8. Nattel S, Rangno RE, Van Loon G. Mechanism of propranolol withdrawal 
phenomena. Circulation 1979;59:1 158-1164. 

9. Rangno RE, Langlois S. Comparison of withdrawal phenomena after propran- 
olol, metoprolol and pindolol. Br J Clin Pharmacol 1982;13:345S-351S. 

10. Aarons RD, Nies AS, Gal J, Hegstrand L, Molinoff PB. Elevation of beta- 
adrenergic receptor density in human lymphocytes after propranolol administra- 
tion. J Clin Invest 1980;65:949-957. 

11. Fraser J, Nadeau J, Robertson D, Wood AJJ. Regulation of human leukocyte 
beta receptors by endogenous catecholamines: relationship of leukocyte beta re- 
ceptor density to the cardiac sensitivity to isoproterenol. J Clin Invest 1981; 
67:1777-1784. 

12. Frank MJ, Abdulla AM, Watkins LO, Prisant L, Stefadouros MA. Long- 
term medical management of hypertrophic cardiomyopathy: usefulness of pro- 
pranolol. Eur Heart J 1983;4(suppl F):155-164. 

13. Maron BJ, Bonow RO, Canon RO, Leon MB, Epstein SE. Hypertrophic 
cardiomyopathy: interrelation of clinical manifestations, pathophysiology and 
therapy. N Engl J Med 1987;316:780-789 and 844-852. 

14. McKenna WJ, England D, Doi YL, Deanfield JE, Oakley CM, Goodwin JF. 
Arrhythmia in hypertrophic cardiomyopathy. I. Influence on prognosis. Br Heart 
J 1981;46:168-172. 

15. O Gara PT, Bonow RO, Maron BJ, Damske BA, Van Lingen A, Bacharach 
SL, Larson SM, Epstein SE. Myocardial perfusion abnormalities in patients with 
hypertrophic cardiomyopathy: assessment with thallium-201 emission computed 
tomography. Circulation 1987;76:1214-1223. 

16. Wigle ED, Sasson Z, Henderson MA, Ruddy TD, Fulop J, Rakowski H, 
Williams WG. Hypertrophic cardiomyopathy. The importance of the site and the 
extent of hypertophy: a review. Prog Cardiovasc Dis 1985;28:1-83. 

17. Perloff JK. Pathogenesis of hypertrophic cardiomyopathy: hypotheses and 
speculations. Am Heart J 1981;101:219-226. 

18. Cleaveland CR, Rangno RE, Shand DG. A standardized isoproterenol sensi- 
tivity test. The effects of sinus arrhythmia, atropine and propranolol. Arch Intern 
Med 1972;130:47-S3. 

19. Matthews JN, Altman DG, Campbell MJ, Royston P. Analysis of serial 
measurement in medical research. Br Med J 1990;300:230-235. 

20. Al-Qassab H, Cleeves LA, Francis PL, Al-Sereiti MR, Findley L, Hedges A, 
Silman R, Turner P. Is there a central nervous withdrawal syndrome associated 
with discontinuing long-term treatment with propranolol? Human Toxicol 
1988;7:249-254. 

21. Frishman WH, Christodoulou J, Weksler B, Smithen C, Killip T, Scheidt S. 
Abrupt propranolol withdrawal in angina pectoris: effects on platelet aggregation 
and exercise tolerance. Am Heart J 1978;95:169-179. 

22. Appelton CP. Influence of incremental changes in heart rate on mitral flow 
velocity: assessment in lightly sedated, conscious dogs. J Am Coll Cardiol 
1991;17:227-236. 

23. St. Goar FG, Giggons R, Schnittger I, Valantine H, Popp RL. Left ventricu- 
lar diastolic function. Doppler echocardiographic changes soon after cardiac 
transplantation. Circulation 1990;82:872-878. 

24. Udelson JE, Cannon RO, Bacharach SL, Rumble TF, Bonow RO. Beta- 
adrenergic stimulation with isoproterenol enhances left ventricular diastolic per- 
formance in hypertrophic cardiomyopathy despite potentiation of myocardial 
ischemia. Circulation 1989;79:371-382. 

25. Alvares RF, Goodwin JF. Non-invasive assessment of diastolic function in 
hypertrophic cardiomyopathy on and off beta adrenergic blocking drugs. Br Heart 
J 1982;48:204-212. 

26. Maron BJ, Roberts WC, Epstein SE. Sudden death in hypertrophic cardio- 
myopathy: a profile of 78 patients. Circulation 1982;65:1388-1394. 


772 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 SEPTEMBER 15, 1991 


MISCELLANEOUS 





Echocardiographic Determination of Aortic and 
Pulmonary Valve Areas in Subjects 
with Normal Hearts 


Howard P. Gutgesell, MD, and Margaret French, RDMS 


S a REELS EP Rete FCS Le eo ee a 
Two-dimensional and Doppler echocardiography 
were performed in 70 subjects (aged 1 day to 16 
years, body surface area from 0.08 to 2.1 m2) to 
determine aortic and pulmonary valve areas in 
normal children and adolescents. Valve areas 
were determined by the continuity equation us- 
ing echo-determined ventricular outflow tract di- 
ameters and Doppler-determined flow velocities 
from the outflow tracts and corresponding great 
arteries. Left ventricular outflow tract diameter 
ranged from 0.3 to 2.2 cm and right ventricular 
outflow tract diameter from 0.4 to 2.8 cm. Out- 
flow tract diameters were linearly related to the 
square root of body surface area. Flow velocity 
increased from a mean of 0.75 m/s in the left 
ventricular outflow tract to 1.12 m/s in the aorta 
and from 0.56 m/s in the right ventricular out- 
flow tract to 0.89 m/s in the pulmonary artery. 
Flow velocities were unrelated to body size. 
Valve areas were linearly related to body surface 
area (r = 0.88 and 0.80 for the aortic and pul- 
monary valves, respectively). Mean aortic and 
pulmonary valve area indexes were 1.33 cm2/m2 
and 1.70 cm?/m?, respectively. The data provide 
normal values for echocardiographically deter- 
mined valve areas and validate the practice of in- 
dexing valve area for body surface area. 

(Am J Cardiol 1991;68:773-776) 
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etermination of valve area has theoretical ad- 
D vantages over measurement of pressure gradi- 

ent alone as an indicator of the severity of aor- 
tic and pulmonary valve stenosis, especially in high- or 
low-output states. However, there is little information 
regarding valve area in normal subjects. Before the de- 
velopment of echocardiography, valve area was deter- 
mined almost exclusively by the method of Gorlin and 
Gorlin,! which requires flow and pressure data obtained 
at cardiac catheterization. It has been demonstrated 
that valve area can be estimated by a combination of 2- 
dimensional and Doppler echocardiography using the 
continuity equation.?-8 In this study we used this tech- 
nique to determine normal values for aortic and pulmo- 
nary valve areas, and to determine their relation to 
body size in subjects ranging from newborns to adoles- 
cents. 


METHODS 

Subjects: Two-dimensional and Doppler echocar- 
diograms were recorded on 70 infants, children and ad- 
olescents (age range 1 day to 18 years, body surface 
area from 0.08 to 2.10 m?). Each subject had normal 
cardiac anatomy and function on the basis of history, 
physical examination by a pediatric cardiologist, and 
echocardiography. Forty-one subjects were judged to 
have an innocent murmur; the other 29 underwent 
echocardiography as part of an evaluation of arrhyth- 
mias, syncope and chest pain. No subject was sedated. 

Echocardiograms: Two-dimensional, pulsed Dopp- 
ler and continuous-wave Doppler studies were per- 
formed with 3.0-, 5.0- and 7.5-MHz transducers, re- 
spectively, for imaging and 2.25-, 3.0- and 5.0-MHz 
transducers, respectively, for Doppler. The diameters of 
the left and right ventricular outflow tracts were mea- 
sured (with electronic calipers) from 2-dimensional 
freeze-frame images obtained from left parasternal 
long-axis views of the outflow tracts. Measurements 
were obtained perpendicular to the long axis of the out- 
flow tract, approximately 1.0 cm below the semilunar 
valve, at the time of maximal diameter in early systole. 

Velocity proximal to the aortic valve was deter- 
mined by pulsed Doppler recordings obtained from the 
apex. The sample volume was placed in the outflow 
tract in a region similar to that used for the diameter 
measurement. Ascending aortic velocity was obtained 
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from either the apex or the suprasternal notch (which- 
ever was greater) by either pulsed or continuous-wave 
Doppler. Right ventricular outflow velocity measure- 
ments were obtained from a left parasternal transducer 
position, often moving the transducer inferiorly on the 
chest wall in an attempt to align the Doppler cursor as 
parallel as possible to flow direction. In several of the 
smaller infants (<6 months old), the right ventricular 
outflow velocity was measured from a subxyphoid ap- 
proach. Technically adequate recordings of left heart 
velocities were obtained in 69 subjects and of right 
heart velocities in 61. 

Calculations: Aortic and pulmonary valve areas 
were calculated using the continuity equation: A2 = A; 
X V\/V2, where A, = area of ventricular outflow tract 
(obtained by converting the diameter to area and as- 
suming it was circular), Az = semilunar valve area, V 
= peak outflow tract velocity, and V3 = peak velocity 
in outflow vessel (aorta or pulmonary artery). 

Previous observations? indicated that intracardiac 
areas are linearly related to body surface area, but that 
linear dimensions are related to the square root of sur- 
face area. Therefore, we compared aortic and pulmo- 
nary valve areas with body surface area, and outflow 
tract diameters with the square root of surface area by 
linear regression. Outflow tract and great vessel flow 
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FIGURE 1. Relation of aortic (upper) and pulmonary (lower) 
valve areas to body surface area in normal subjects. Valve 
areas are linearly related to surface area. For the aortic valve, 
y = 0.0434 + 1.2915x, r = 0.88, p <0.001, and for the pul- 
monary valve, y = —0.0372 + 1.7825x, r = 0.80, p <0.001. 
The 95% confidence limits (dashed lines) increase with in- 
creasing body size. SEE = standard error of the estimate. 


velocities were compared with surface area directly. Vi- 
sual inspection of the plots of valve area against body 
surface area showed that the scatter of data points in- 
creased as surface area increased, consistent with previ- 
ous studies relating cardiac dimensions to body size. !%!! 
The 95% confidence limits were therefore calculated by 
weighted least-squares regression. !? 


RESULTS 

Valve areas: Aortic and pulmonary valve areas were 
linearly related to body surface area with correlation 
coefficients of 0.88 and 0.80, respectively (Figure 1). 
For each 0.4-m? increase in body surface area, aortic 
and pulmonary valve areas increased an average of 0.5 
and 0.7 cm?, respectively. Mean aortic valve area 
index (predicted from the regression equation) was 1.33 
cm?/m? and the pulmonary valve area index 1.70 
cm?/m?. The standard error of the estimates for the 
regression of aortic and pulmonary valve areas against 
body surface area were 0.24 and 0.29, respectively. 
However, Figure | reveals that the standard error is not 
constant, but is proportional to body surface area. The 
95% confidence limits illustrated in Figure 1 were ob- 
tained by weighted least-squares regression. 

Outflow tract diameter: Left and right ventricular 
outflow tract diameters increased as a square root func- 
tion of surface area. The correlation coefficient of left 
ventricular outflow tract diameter versus body surface 
area was 0.89, but improved to 0.93 when outflow tract 
diameter was plotted against the square root of surface 
area. Corresponding coefficients for the right ventricle 
were 0.82 and 0.86. Regression equations were y = 
0.148 + 1.41x and y = 0.107 + 1.69x for the left and 
right ventricular outflow tracts, respectively. 

Flow velocities: In each subject, flow velocity in- 
creased as blood traveled from either ventricular out- 
flow tract to the corresponding great artery. On the left 
side, flow velocity increased from 0.75 + 0.18 m/s in 
the outflow tract to 1.14 + 0.29 m/s in the ascending 
aorta (p <0.001). Corresponding values for the right 
ventricle were from 0.60 + 0.11 to 0.91 + 0.25 m/s (p 
<0.001). Flow velocities were weakly correlated with 
body surface area (r = 0.52 and 0.32 for the left and 
right ventricular outflow tracts, respectively, and 0.31 
for the pulmonary artery). Velocity in the ascending 
aorta was unrelated to surface area (r = 0.01). 


DISCUSSION 

Several echocardiographic methods have been used 
to estimate semilunar valve area. Initial studies at- 
tempted to obtain each of the elements of the Gorlin 
formula from M-mode echocardiography,'*? combined 
catheterization and Doppler data,'? or 2-dimension- 
al and Doppler echocardiographic data.®!° The most 
widely used echocardiographic technique uses the conti- 
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nuity equation that, in its simplest form, states that for 
flow in a series, the product of cross-sectional area and 
mean velocity is constant at all points of the circuit. 
Applied to the aortic or pulmonary valve, this means 
that by determining the area of the outflow tract (by 2- 
dimensional echocardiography), the flow velocity in the 
outflow tract (by pulsed Doppler), and the flow velocity 
immediately above the valve (by pulsed or continuous- 
wave Doppler), valve area can be determined. This 
methodology has been validated in vitro? in experimen- 
tal animal models of aortic stenosis!®!7 and in patients 
with aortic stenosis undergoing cardiac catheteriza- 
tion.3-8.18,19 

This study demonstrates that in normal subjects, 
aortic and pulmonary valve areas are linearly related to 
body surface area. Although aortic valve area has been 
empirically indexed for body surface area in hemody- 
namic studies of children with aortic stenosis,2°-22 there 
has previously been little to support this practice. This 
study suggests that indexing for body size is not only 
justified, but also required. Our data complements that 
obtained by Davidson et al? in adults. Using methodol- 
ogy similar to ours, they demonstrated a linear relation 
between body surface and aortic valve areas (r = 0.68) 
in 41 normal adults. Their predicted aortic valve area 
index (1.37 cm?/m?) was nearly identical to that of our 
study (1.33 cm?/m?). Although many studies of adults 
with aortic stenosis have not indexed valve areas for 
body surface area,*:!924 Figure 1 shows that in normal 
subjects aortic valve area increases by 44% (1.5 to 2.7 
cm?) as body surface area increases from 1.1 (small 
adult) to 2.0 m? (large adult). 

The increase in valve areas with increasing body size 
is almost entirely accounted for by an increase in ven- 
tricular outflow tract diameter. There was a very weak 
correlation of velocity proximal or distal to either semi- 
lunar valve with body surface area. This is consistent 
with previous Doppler studies of flow velocities in nor- 
mal subjects?5-?3; although there is a tendency for aor- 
tic velocity to decrease and left ventricular outflow ve- 
locity to increase in the elderly, there are minimal 
changes in the first 2 decades. Thus, the increase in 
valve area with increasing body size is related to in- 
creasing outflow tract diameter, both in children (pres- 
ent study) and adults.?3 

The wide range of normal values, especially in larg- 
er subjects, may limit the clinical usefulness of this 
technique. It is unclear if this variation represents an 
actual biologic phenomenon or technical limitations of 
this method. Several technical factors may contribute 
to the wide range of normal values: (1) We used a 
simplied form of the continuity equation, substituting 
peak for mean velocity. Although previous studies530 
have demonstrated excellent agreement between these 
methods, this may not apply to all subjects. (2) The 


outflow tracts are assumed to be circular. Baumgartner 
et al’? recently demonstrated that the left ventricular 
outflow tract is frequently elliptical and that calculating 
its area from diameter alone results in an underestima- 
tion of cross-sectional area. Despite these limitations, 
there has been good agreement between valve area de- 
termined by the continuity equation and that obtained 
by cardiac catheterization.3-8.!8.19 

The use of the continuity equation is a simple meth- 
od for determining aortic and pulmonary valve areas 
using data readily obtained by echocardiography. This 
study provides normal values for subjects with a wide 
range of body sizes and validates the practice of index- 
ing valve area for body surface area. 
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Circadian Variation and Influence of Risk Factors 
on Heart Rate Variability in Healthy Subjects 


Henning Mglgaard, MD, Keld E. Sgrensen, MD, and Preben Bjerregaard, MD, PhD 


Quantification of variations in instantaneous 
heart rate (HR) can be used to evaluate cardiac 
autonomic function. A 24-hour standard devi- 
ation of all normal RR intervals <50 ms in survi- 
vors of myocardial infarction has been shown to 
be an independent marker of adverse prognosis. 
Twenty-four-hour HR variability in 140 healthy 
subjects aged 40 to 77 years was determined as 
(1) standard deviation, and (2) percentage of 
successive RR interval differences >6%—an in- 
dex of parasympathetic activity. The 24-hour 
standard deviation varied between 68 and 261 
ms (median 139). Range for index of parasym- 
pathetic activity was 0.1 to 29.6% (median 4.4). 
Twenty percent of the interindividual variation in 
HR variability was explained by impact of risk 
factors. Standard deviation was uninfluenced by 
age, whereas parasympathetic activity de- 
creased by increasing age. High physical training 
level was independently associated with signifi- 
cantly higher standard deviation (and parasym- 
pathetic activity) values during both day and 
night. Hourly figures of standard deviation de- 
creased during the night, whereas parasympa- 
thetic activity increased and peaked early morn- 
ing. Standard deviation values as low as those 
reported in high-risk patients were not observed, 
but comparable low values for, and lack of diur- 
nal variation in, parasympathetic activity were 
seen in healthy subjects also. 

in conclusion, risk factors and, in particular, 
the physical training level have impact on 24- 
hour HR variability in healthy subjects. This may 
prove valuable for modification of cardiac auto- 
nomic activity in patients. 

(Am J Cardiol 1991;68:777-784) 
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mined by activity of the cardiac sympathetic and 

parasympathetic system. From basic physiologic 
experiments, correspondence between cardiac nervous 
activity and immediate RR interval changes has been 
found.'~4 This is the principle for exploration of cardiac 
autonomic activity by means of HR variability. 

Measurement of HR variability in 24-hour Holter 
recordings gives access to study autonomic function 
both day and night,>~’ and during ambulatory condi- 
tions. This is important because arrhythmic cardiac 
events dependent on the autonomic system®? appear to 
accumulate at certain times of the day.!9!! 

In survivors of myocardial infarction, low 24-hour 
HR variability is independently associated with a high 
mortality. Decreased variability has also been observed 
in victims of sudden cardiac death.!? In prospective 
data from apparently healthy subjects, prognostic sig- 
nificance of HR for sudden cardiac death has been 
found.'? Individual HR level is partly determined by 
conventional risk factors. !4 

Values for and factors determining HR variability 
in healthy subjects have so far not been reported. This 
study describes data for 24-hour HR variability in 
healthy subjects, during ambulatory conditions, and 
evaluates impact of conventional risk factors on param- 
eters of HR variability. 


I nstantaneous heart rate (HR) is mainly deter- 


METHODS 

Material: One 24-hour Holter monitoring was re- 
corded in 140 apparently healthy subjects, who were 
continuously without symptoms and signs of cardiopul- 
monary disease at an 8-year follow-up investigation. 
Criteria for healthy subjects were: (1) that they consid- 
ered themselves healthy, (2) were free of cardiopulmo- 
nary symptoms, (3) had a normal clinical examination 
including blood pressure, (4) a normal 12-lead electro- 
cardiogram, and (5) a normal chest x-ray. None were 
taking cardioactive drugs. The population consisted of 
89 men and 51 women, mean age 53 years, range 40 to 
77. Forty-seven subjects were aged 40 to 49 years, 60 
were 50 to 59 years, and 33 were 60 to 77 years. Sub- 
jects were classified according to their participation in 
leisure-time physical activity as (1) active in competi- 
tive sports (active), (2) participants in leisure-time 
physical exercise (intermediate), and (3) not partici- 
pants in such activities (passive). According to smoking 
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TABLE I Heart Rate Variability in 140 Healthy Subjects Aged 
40 to 77 Years (measured as the standard deviation and as 
percentage of successive RR interval differences > 6% and 

> 50 ms)* 


Percentiles 


Range 


637-1253 
603-1154 
701-1445 
—7——433 
68-261 
58-239 
27—188 
0.1—29.6 
0.1-28.7 
0.0—33.1 
0.1-30.2 
0.1-28.5 
0.0—46.6 


Mean RR 


RRD—RRN 


*Values are shown for 24 hours, day and nighttime. Mean RR, standard deviation 
and day-night difference in mean RR, in ms. 

tp <0.01; tp = 0.35. 

D = day; %DIF6%/%DIF50 = percentage of successive RR interval differences 
>6%/>50 ms; N = night; RRD-RRN = day-night difference in mean RR 
SD = standard deviation; T = 24 hours. 





habits the subjects were grouped as (1) nonsmokers, 
(2) moderate smokers (<10 cigarettes/day or other 
forms of tobacco, or a combination), and (3) heavy 
smokers (>10 cigarettes /day). Sixty percent were non- 
smokers and 62% were physically passive. 

Holter method: Twenty-four-hour ambulatory elec- 
trocardiograms were recorded by an Oxford 2-channel 
tape recorder during daily routine activities. Analysis 
was performed by the Reynolds Pathfinder II system 
and our own software, executed on a personal comput- 
er. The performance of this system with regard to QRS 
detection! and HR variability analysis has been previ- 
ously reported.> Only cycles in which beats had normal 
morphologic characteristics were used for HR variabili- 
ty analysis. All RR intervals >1.5 seconds were vali- 
dated, and all intervals >2.3 seconds were discharged, 
since no true RR interval in the 140 subjects was >2.3 
seconds. To correct for speed errors that may have oc- 
curred during recording or replay, the timing track and 
speed surveyor were used.’ 

Heart rate variability calculations: Each 24-hour re- 
cording was split into daytime and nighttime. Because 
no diaries were available, nighttime was approximated 
according to a HR curve (beats/min). The typical pat- 
tern of the transition zone from awake to sleep and vice 
versa, present in most recordings, was included in day- 
time calculations. Nighttime therefore consisted of pure 
sleeping time. HR variability was calculated as (1) 
mean RR (mean of all RR intervals), (2) standard de- 
viation of all RR intervals around mean RR, and (3) 
percentage of successive RR interval differences >6%. 
These counts are also reported for numeric (>50 ms) 
changes in successive RR intervals. 


Statistics: BMDP statistical software was used for 
statistical analysis. Except for mean RR, distributions 
of values of the other HR variability parameters were 
right skewed and were therefore log transformed. For 
description of the population, median value and 2.5 and 
97.5 percentiles are given for all variables. Paired com- 
parisons were analyzed by ¢ tests. Correlation between 
variability parameters was evaluated by Pearson corre- 
lations and least-squares regression lines of Y on X. 
Influence of risk factors on HR variability (log-trans- 
formed values) was evaluated by multiple linear regres- 
sion (2-tailed, significance level 5%). 


RESULTS 

Median value and range for HR variability pa- 
rameters are listed in Table I. Values for standard devi- 
ation were highest during the daytime. The lowest ob- 
served 24-hour standard deviation was 68 ms. Increas- 
ing day-night difference in mean RR was closely 
(r = —0.86, p <0.001) correlated to increasing 24-hour 
standard deviation (Figure 1A). The distribution of 
standard deviation figures and the relation to age are 
shown in Figure 2, A and B. Daytime standard devi- 
ation was uninfluenced by age, whereas nighttime val- 
ues decreased slightly with increasing age. 

Values for percentage of successive RR interval dif- 
ferences >50 ms were significantly higher during the 
nighttime, whereas no such difference was present us- 
ing a threshold of >6% (Table I). Twenty-four-hour 
figures for the percentage of successive RR interval dif- 
ferences >6% were much less dependent on day-night 
differences in mean RR (Figure 1B), and values de- 
creased significantly by increasing age during the day 
and night (Figure 3, A and B). Physically passive sub- 
jects had profoundly lower standard deviations and 
parasympathetic index values during both day and 
night (Table II). Smokers had lower HR variability 
values, but only during the day. During nighttime, 
standard deviation figures were higher in men. 

The circadian variation of mean hourly values of the 
2 HR variability parameters are shown in Figure 4. 
After midnight standard deviation values initially de- 
creased, whereas parasympathetic index figures showed 
a constant increase, reaching a peak in early morning. 
Figure 5 shows diurnal variation for 10% of the sub- 
jects with the highest and lowest 24-hour standard devi- 
ation. A similar, but substantially enhanced, pattern is 
seen for subjects with high HR variability. 


DISCUSSION 

The clinical significance of HR variability has been 
related to the 24-hour standard deviation and percent- 
age of successive RR interval differences >50 ms, mea- 
sured during ambulatory conditions.6™!? The exact 
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contribution of sympathetic and parasympathetic activ- 
ity to the RR variability measured by the standard de- 
viation is not clear. Parasympathetic activity is as- 
sociated with immediate alterations in length of the 
succeeding RR interval,!:!6 and can be estimated sepa- 
rately in different ways.”!7 Estimation of pure sympa- 
thetic activity in ambulating subjects has not yet been 
possible. By calculating the spectral content and the 


density of the RR fluctuations, a better separation of 
sympathetic activity may be possible.!7.18 
Parasympathetic activity index: Ewing et al’ intro- 
duced threshold counts as a way to monitor cardiac 
parasympathetic damage in diabetic patients. By mea- 
suring the incidence of changes >50 ms in successive 
RR intervals, they clearly separated healthy and dia- 
betic subjects with clinical evidence of parasympathetic 


Mean RR day-Mean RR night (ms) 


FIGURE 1. Relation between day-night 
difference in mean RR (Mean RR day— 50 
Mean RR night). A, twenty-four-hour 
standard deviation (SD-Totaltime) 

(r = —0.86, p <0.001), and B, percentage 
of successive RR interval differences >6% 
(% DIF 6% Totaltime) (r = —0.34, p 
<0.001 [n = 140)). 





141 
SD-Totaltime (ms) 


71 100 


Mean RR day-Mean RR night (ms) 


0.5 1 2 
% DIF 6% Totaltime 
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damage, and additionally found extremely low counts, 
and lack of day-night difference in counts, in patients 
with proven parasympathetic damage or surgically de- 
nervated hearts. Count values were unaltered by 6 
blockade. These findings strongly suggest that threshold 
counts represent vagus activity. In this study, the de- 
crease in counts with increasing age and peak values in 
the early morning are in accordance with this concept 
and with findings using other indexes for parasympa- 


SD-day (ms) 


55 60 65 70 


AGE (years) 


40 


A 


SD-night (ms) 


55 60 65 70 


AGE (years) 





thetic activity.'%20 We found that individual percent 
values of successive RR interval differences >50 ms 
and >6% were closely correlated (r = 0.97). Using 50 
ms as a threshold increased nighttime values, whereas a 
threshold of 6% increased daytime counts. We have 
chosen to emphasize values for relative changes because 
animal studies have shown that efferent vagal activity, 
both alone and during concomitant sympathetic activi- 
ty, is related to proportional changes in RR intervals. !:4 


FIGURE 2. Heart rate variability in 140 
healthy subjects, measured as the stan- 
dard deviation (SD), during the day (A) 
and nighttime (B), and shown in relation to 
age. For age groups 40 to 49, 50 to 59 
and 60 to 80 years, mean values (open 
squares) and 95% confidence limits are 
shown. Regression line: Y = 2.07 — 1 - X 
(r = —0.02, p = 0.85) for day; Y = 2.12 — 
0.004 - X (r = —0.24, p = 0.004) for night- 
time. 


75 80 


75 80 
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In addition, we found that there were more counts due 
to decelerations than to accelerations in instantaneous 
HR, for threshold >6% compared to >50 ms, which 
also favors relative changes as an index of vagus activi- 
ty, and are in accordance with the concept of vagus as a 
brake on HR. 

Our results show that in 95% of the beat-to- 
beat variabilities during a 24-hour period, variability is 
<6%. Physical training level was the risk factor with 
greatest impact on parasympathetic activity index. A 


%DIF6%-day 


FIGURE 3. Heart rate variability in 140 
jects, 


(%DIF6%) during day (A) and nighttime 
(B), and shown in relation to age. For age 
groups 40 to 49, 50 to 59 and 60 to 80 
years, mean value (open squares) and 
95% confidence limits are shown. Line of 
regression: Y = 1.62 —0.2 - X (r = —0.38, 
p <0.001) for day; Y = 1.72 — 0.02 - X 
(r = —0.35, p <0.001) for nighttime. 
*0.0%. 


high training level not only increased mean values dur- 
ing both day and night, but also enhanced the circadian 
variation. Twelve of the 14 subjects with high 24-hour 
standard deviations were physically trained (Figure 5). 
The significant decrease in percentage of successive RR 
interval differences >6% that occurred with increasing 
age were likely due to decreasing efferent vagus activi- 
ty, but could also be explained by lower responsiveness 
of the sinus node to autonomic activity in the elderly.?! 
However, parasympathetic activity values were also sig- 


AGE (years) 
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TABLE I Influence of Sex, Age, Smoking and Leisure-Time Physical Activity on the Standard Deviation and Percentage of Successive 
RR Interval Differences > 6%, During Day and Nighttime* 


Sex 0.022 
Aget 0.000 
Smoking —0.038 
Activity —0.069 


%DIFE%D %DIFE%N 


Coeff. 


*Coefficients calculated on log-transformed values. Reference subject is a woman, aged 40 years, nonsmoker and physically active. Explained variation (R-squared) 0.19 (day) and 


0.22 (night). 
tCoefficient per year 


>40. 
Coeff. = coefficients; %DIF6%D/N = percentage of successive RR interval differences > 6%, daytime/nighttime; SDD = standard deviation, daytime; SDN = standard deviation, 


nighttime. 


nificantly higher in older physically trained subjects. 
Hourly values of parasympathetic index show a clear 
increase during the nighttime, with a peak value at 5 
aM. (Figure 4). This parallels the increase in separate 
parasympathetic activity, as estimated by power spec- 
tral analysis, observed during the night in young sub- 
jects. !8 

Standard deviation: The standard deviation is the 
average deviation of all intervals from the mean RR for 
a given time period. The length of that time period in- 
fluences the interpretation of the autonomic contribu- 
tion to the observed HR variability. In the experimental 
setting, without HR level shifts, figures for standard 
deviation are positively associated with cardiac vagal 
traffic.! Owing to simple mathematics, standard devi- 
ation figures are, theoretically, greatly dependent on 
trends and mean HR level shifts for the time period 
considered. Huikuri et al?? calculated standard devi- 
ation per 5-minute segments and found lower mean 
hourly values and, in contrast to this study, highest val- 


DiF 6% (%) 





FIGURE 4. Circadian variation in hourly values of the stan- 


dard deviation (SD) (closed circles) and e of succes- 
sive RR interval differences >6% (DiF 6%) (open circles) in 
140 healthy subjects. Mean value and standard error of the 
mean for each hour are shown. 





ues during the night. By using 5-minute values, some 
of the variability is initially averaged out. Also, HR 
is significantly more stationary in 5-minute than 
1-hour periods, and therefore standard deviation values 
are much less influenced by general HR shifts that oc- 
cur often during the daytime. Power spectral data from 
28 healthy subjects showed that the most prominent 
day/night shift was the decrease in power of the low 
frequency peak, assumed to reflect sympathetic activi- 
ty.!8 The lower mean and hourly values of the standard 
deviation during the night must therefore partly be 
caused by withdrawal of sympathetic activity. Night- 
time standard deviation values probably reflect para- 


DiF 6% (%) 
High HRV 14 


| "y 


Low HRV 





8 12 16 20 24 04 08 
Time 


FIGURE 5. Diurnal variation in hourly values of the standard 
deviation (SD) (closed circles) and percentage of successive 
RR interval differences >6%(DiF 6%) (open circles) in healthy 
subjects with high and low heart rate variability (HRV). Mean 
hourly values for the 10% (14 subjects) with the highest 24- 
hour standard deviation (High HRV) are shown on upper 2 
curves, and figures for the 10% with lowest 24-hour standard 
deviation (Low HRV) are shown on lower 2 curves. 
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sympathetic activity more directly as also shown by the 
decrease by increasing age (Figure 2B). 

The 24-hour standard deviation was very intimately 
correlated to the day/night difference in mean RR. 
Standard deviation values increased very Closely by in- 
creasing difference in mean RR day/night (Figure 
1A). The day-night ratio in mean RR was not different 
for young or old subjects. This association probably 
represents the effect of increased basic parasympathetic 
activity. Physically trained subjects have a generally in- 
creased parasympathetic activity, and lower HRs, in 
particular, at rest and sleep. In the multivariate analysis 
physically trained subjects had higher standard devi- 
ations during both the day and night, and this effect of 
physical training was still present after accounting for 
the mean RR level. This strongly indicates that 24-hour 
standard deviation values increase by increasing basic 
parasympathetic activity. 

Twenty percent of the interindividual variation 
could be explained by differences in risk factors. Smok- 
ers have lower standard deviation figures, but only dur- 
ing the daytime. Power spectral data indicate that this 
is due to reduced vagal activity.” A consistent finding 
in studies on HR is that men have a lower HR during 
the night than women.!* This finding and our observa- 
tion that the standard deviation was higher during the 
night in men may be attributed to higher parasympa- 
thetic activity in men. The gender differences are not 
measurable in pharmacologically denervated healthy 
subjects.?> 

The intraindividual coefficient of variation for 24- 
hour standard deviation figures between repeated re- 
cordings has been shown to be below 7%.?? Similarly, 
minimal HR has been found to be a stable individual 
parameter over long periods of time.!4 

Heart rate variability and heart disease: A 24-hour 
standard deviation <50 ms has been shown to be inde- 
pendently associated with adverse prognosis in survivors 
of myocardial infarction.° In a substudy, high-risk pa- 
tients also have very low values for parasympathetic in- 
dex. The distribution of individual 24-hour mean 
RR figures in this study was not different from our 
healthy population. However, 24-hour HR variability 
was much lower: 16% had a standard deviation <50 
ms.° In our healthy subjects, the lowest measured stan- 
dard deviation was 68 ms. To compare healthy subjects 
and patients with high and low variability, we divided 
our subjects by taking 10% of the population with the 
highest and lowest 24-hour standard deviation. Age in 
patients and healthy subjects within the groups were 
not different. Values of the percentage of successive 
RR interval differences >50 ms were not different in 
healthy subjects and patients with either low or high 


variability. Furthermore, patients with low HR vari- 
ability and healthy subjects had the identical lack of 
circadian variation in the index of parasympathetic ac- 
tivity. These data show that indexes of parasympathetic 
activity in both healthy subjects and patients at risk can 
be very low. What separates the 2 groups are much 
lower 24-hour standard deviation values in patients. 
This indicates that the low standard deviation figures 
reported in high-risk patients after myocardial infarc- 
tion are caused by low parasympathetic activity and 
concomitant very high sympathetic activity. 

Conclusion: In healthy subjects HR variability is 
significantly influenced by age, sex and smoking habits. 
Physically trained subjects have significantly higher 
standard deviation and parasympathetic activity values 
during the day and night, and enhanced circadian vari- 
ation. This may prove valuable for modification of 
autonomic activity in high-risk patients. 
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BRIEF REPORTS 


Sudden Death During Ambulatory Electrocardiographic Monitoring 
Carl J. Pepine, MD, Joel Morganroth, MD, John T. McDonald, MA, 


and Sidney O. Gottlieb, MD 

Ithough a relation between ambulatory myocar- 
A dial ischemia and sudden cardiac death has been 

postulated, previous reports suggest that this 
may be an uncommon occurrence.!~7 This suggestion, 
however, is based on observations of a limited number of 
deaths?’ and data from living patients with chronic sta- 
ble angina.'* In the latter patients ventricular arrhyth- 
mias related to transient ischemia occur infrequently, 
But these studies are biased because they are conducted 
in patients who are survivors. Previous suggestions are 
also biased by the fact that sudden death occurs rarely 
during ischemia induced in the exercise laboratory. 
Therefore, the contribution of ambulatory ischemia to 
cardiac sudden death is open to question. An examina- 
tion of the relatively few patients undergoing diagnostic 
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FIGURE 1. Case 1. Example of a patient with ischemia-related bradycardia/asystole. The ambulatory electrocardiographic re- 
corder was applied at 4 p.m. when the ST segment was isoelectric and the patient in sinus rhythm. Approximately 11 minutes 
later an ischemic episode was detected as 1.0 mm of ST‘segment 
mum (MAX) of 2.5 mm after 8 minutes. This episode slowly subsided, but at 5:18 p.m. the patient de 


ambulatory electrocardiographic monitoring would not 
be expected to provide adequate data, because the occur- 
rence of cardiac death is relatively infrequent. Accord- 
ingly, the purpose of this study was to investigate the 
possible relation between sudden cardiac death and isch- 
emia detected by ambulatory electrocardiographic moni- 
toring by examining recordings of patients who died sud- 
denly while wearing a long-term ambulatory electrocar- 
diographic recorder. 

We retrospectively studied the ambulatory electro- 
cardiographic recordings of 35 patients who died sud- 
denly while wearing an ambulatory electrocardio- 
graphic recorder. These cases were obtained from the 
records of our own hospitals and a commercial ambu- 
latory electrocardiographic analysis service (CDS 
Research, Haddonfield, New Jersey). To be included, 
patients had to have been wearing an operational am- 
bulatory electrocardiographic recorder during the 
terminal event and not have been following an experi- 
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depression in lead V5 (top tracing), which reached a maxi- 
a junctional rhythm 


veloped 
associated with 1.0 mm ST-segment depression. Eleven minutes later the junctional rhythm slowed to 40 beats/min as ST-seg- 
ment depression increased and R-wave amplitude diminished. The rate slowed progressively and asystole occurred. HR = heart 


rate. 
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mental drug protocol. Recordings had to be technical- 
ly suitable for both arrhythmia and ST-segment anal- 
ysis, and the terminal event had to be clearly recorded. 

All patients wore 2-channel AM tape recorders 
adequate for reproduction of ST-segment changes of 
ischemia. Tapes were analyzed on a CardioData Cor- 
poration scanner using version 7.64 software or com- 
parable equipment. Printouts of the electrocardio- 
gram were made at 25 mm/s and baseline recordings 
at the start of the session; the terminal event and all 
definite and questionable episodes of ST-segment de- 
viation that suggested ischemia. Strips printed during 
episodes suggesting ischemia were obtained at the on- 
set of the episode, at the time of maximal ST-segment 
shift and also at the offset. The strips were then re- 
viewed independently by the investigators for: (1) 
baseline abnormalities of the QRST, which could lim- 
it recognition of ischemia; (2) confirmation of isch- 
emic episode; (3) ischemia-related sudden death; and 
(4) classification of terminal episode. Only cases in 
which a consensus agreement on these findings could 
be reached are included in this report. 


re bre | 
RRS E 
Tee 
eel 


+eeee 
sinse 





sfesregsessass wi 
PETE: asst 


5:17P 





TIME 9:05A 


genni 
5:2 


The following definitions were used: An ischemic 
episode was considered a change in the level of the ST- 
segment compared with the baseline recording, that 
persisted for at least 1 minute and met at least I of the 
following criteria — 21.0 mm horizontal or down- 
sloping depression or = 2.0 mm of elevation. Ischemia 
related sudden death was considered an ambulatory 
electrocardiographic-documented ischemic episode 
occurring within 60 minutes of the terminal event. 
Terminal events were classed as either ventricu- 
lar tachycardia/fibrillation or bradycardia/asystole. 
When both events were present in the same patient the 
initial episode was considered the terminal event. Un- 
interpretable for ischemia was taken to mean ST- T- 
wave changes 21.0 mm or an intraventricular conduc- 
tion defect (20.12 second) present in the baseline re- 
cording. 

In 12 of the 35 (34%) patients, the electrocardio- 
gram was considered uninterpretable for ischemia. In 
another 12 (34%) patients, at least 1 or more ischemic 
episode preceded the terminal event. In 10 of these, 
there were multiple ischemic episodes. The frequency 
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FIGURE 2. Case 2. Example of a patient with multiple ischemic episodes terminating in ventricular tachycardia (VT)/fibrillation 
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ranged from | to 4 episodes per patient and the dura- 
tion ranged from 2 minutes to 8 hours. Finally, in the 
remaining 11 patients (31%), no definite evidence for 
ischemia was detected before the terminal episode in 
the leads monitored. But 2 of these latter 11 patients 
had evidence for ischemia after a period of ventricu- 
lar tachycardia/fibrillation. These latter 2 patients 
were not considered to have ischemia-related sudden 
deaths. 

There was no significant association between ST- 
segment elevation, depression or the presence of both 
types of shifts and either a bradycardia/asystole ter- 
minal event or a ventricular tachycardia/fibrillation 
terminal event. Ischemia preceded the terminal event 
in most of the 23 patients with interpretable ST seg- 
ments (12 of 23 or 52%). Representative examples of 
these patients appear in Figures 1 to 3. 

This study has several limitations. First, because of 
the retrospective analysis, carried out long after the pa- 
tients had died, limited clinical information was avail- 
able. Second, the technical aspects of the ambulatory 
electrocardiographic recordings were not controlled in 
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the same manner that they would be in a prospective 
study directed specifically at ambulatory electrocardio- 
graphic monitoring. Third, a large number of patients in 
this study had ST segments that were considered un- 
interpretable for ischemia when reviewed by the authors 
and were excluded as ischemia-related sudden deaths. 
This should result in an underestimation of the frequen- 
cy of ischemia-related sudden death. Fourth, this is a 
sample representative of only adult patients dying sud- 
denly. 

Despite these limitations, evidence for ischemia was 
present in about half of the patients with interpretable 
electrocardiograms. These results suggest that ischemia 
may be found more often than previously anticipated in 
patients with sudden cardiac death. Also, the similarity 
in frequencies of ventricular tachycardia /fibrillation and 
bradycardia /asystole is a deviation from the commonly 
held notion that asystole is a relatively infrequent termi- 
nal event.” This conclusion, however, would remain to 
be established in a larger prospective cohort study of this 
kind. Such a study would be able to supply the important 
denominator data needed to assess the actual frequencies 
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of ischemia-related cardiac sudden death and provide 
insight into its mechanism. 
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Prevalence of Non-Q-Wave Acute Myocardial Infarction with Total 
Angiographic Occlusion of the Left Circumflex Coronary Artery 


Within Eight Weeks of Infarction 


Joel S. Landzberg, MD, and W. Barton Campbell, MD 


he genesis of Q waves in acute myocardial infarc- 

tion (AMI) has been associated with complete 

occlusion of the infarct-related coronary artery 
by coronary arteriography and autopsy studies.! In con- 
trast, subtotal coronary stenosis is described in associa- 
tion with non-Q-wave AMI.* Mapping studies of depo- 
larization sequences in the isolated human heart show 
late activation of the lateral and posterobasal walls (<70 
ms after the earliest ventricular sites of excitation ).? 
Transmural AMI involving these regions may result in 
no Q-wave genesis owing to this late activation sequence. 
Earlier studies that relate Q waves to transmural lateral 
AMI involved necropsy data. These studies are more 
likely biased toward large infarctions than clinical studies 
in living patients. This report evaluates the incidence of 
Q-wave AMI in patients with acute complete occlusion 
of the left circumflex coronary artery. 

All cardiac catheterizations performed over a l- 
year period at St. Thomas Hospital, a tertiary care, 
university-affiliated referral center, were reviewed. 
Cardiac catheterization was routinely performed in 
all patients after AMI. The criteria for inclusion were: 
(1) an AMI defined by typical symptoms and creati- 
nine-phosphokinase levels >350 IU; (2) no history 
of percutaneous transluminal coronary angioplasty, 
thrombolytic therapy or previous AMI; and (3) coro- 
nary arteriography within 8 weeks of AMI showing 
complete occlusion of the left circumflex coronary 
artery or its obtuse marginal branch, without >90%- 
diameter stenosis of other arteries. 

All 12-lead electrocardiograms obtained through- 
out the patients’ admissions were read blindly by 2 


See aa ae aa ee eee Ns Ee a Rel Oe ei neo ee OO 
From the Cardiovascular Division of the Department of Medicine, 
Vanderbilt University, and St. Thomas Hospital, P.O. Box 380, Nash- 
ville, Tennessee 37202. Manuscript received January 23, 1991; revised 
manuscript received and accepted May 23, 1991. 


independent reviewers. Abnormal Q waves were de- 
fined as those of 230 ms duration. Q-wave AMI was 
defined by the presence of pathologic Q waves in 22 
contiguous electrocardiographic leads. A patient was 
considered to have had a Q-wave AMI if either re- 
viewer read any electrocardiogram as a Q-wave AMI. 

Total coronary occlusion was defined as the total 
absence of anterograde flow of contrast material in 
the involved coronary artery. All catheterization films 
were interpreted by a blinded reviewer. The distribu- 
tion of the occluded portion of the circumflex arter) 
was classified as anterolateral, midlateral or infero- 
lateral (Figure 1). 

Of 4,481 coronary angiograms reviewed, 51 pa- 
tients (38 men and 13 women, mean age + standare 
deviation 58 + 9 years) met inclusion criteria. Mear 
time to catheterization after infarction was 2 + . 
weeks.* 


*Time to catheterization: 12 patients <1 week, 16 between 1 and ‘ 
weeks, 7 between 2 and 3 weeks, 6 between 3 and 4 weeks, 6 between : 
and 5 weeks, 1 between 5 and 6 weeks, 0 between 6 and 7 weeks, and3a 
8 weeks. 






Zone 1 = Anterolateral 
Zone 2 = Midlateral 
Zone 3 = Inferolateral 


FIGURE 1. The distribution of the occluded portion of the cir- 
cumflex artery. 
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There was no significant difference in time to cath- 
eterization between the groups with (2.1 + 1.3 weeks) 
and without (1.9 + 2 weeks) Q waves. Forty-eight of 
the 51 patients had a posterior descending coronary 
artery and atrioventricular nodal branch supplied by 
the right coronary artery. In the other 3 patients, the 
posterior descending coronary artery and atrioven- 
tricular nodal branch were supplied by the circumflex 
coronary artery. Forty-one patients had no visible col- 
lateral vessel to the occluded circumflex vessel during 
angiography. 

The 2 reviewers independently agreed on the elec- 
trocardiographic interpretations in 49 patients (12 
with Q-wave and 37 with non-O-wave AMT). The 2 
patients with discordant interpretations were labeled 
Q-wave AMI making a total of 14 patients with Q- 
wave AMI (28%). Q waves were inferior in 9 patients, 
lateral in 3, anteroseptal in 1, and 1 patient had Q 
waves in both the inferior and lateral distributions. 

None of the 6 patients with the occluded artery 
confined to the anterolateral area had Q waves, 
whereas 5 of 21 (24%) patients with the occluded 
artery extending to the midlateral wall had O waves, 
and 9 of 24 (38%) patients with the occluded artery 
extending to the inferolateral wall had Q waves. Of 
these latter 9 patients, 8 had Q waves in the inferior 
distribution. 

With acute AMI, the diagnostic sensitivity of electro- 
cardiography is reported to be approximately 85%.4 
However, necropsy studies have questioned the sensitiv- 
ity of the electrocardiogram in the diagnosis of lateral 
AMI. Myers et al’ reported that Q waves are not always 
present in patients with transmural lateral infarctions at 
autopsy. Dunn et al,° in their review of necropsy cases, 
concluded that lateral wall infarctions “are not electro- 
cardiographically ‘silent’; their voice is, however, one of 
weak and mingled tones.” Horan et al,’ in an autopsy 
study of >1,500 hearts, found that most patients with 
myocardial infarctions and normal electrocardiograms 
had scars in the basolateral sector. 

This study evaluates 51 patients with enzymatically 
documented AMI secondary to total occlusion of the left 


circumflex artery. Only 14 of these developed Q-wave 
AMI with most Q waves located in the inferior distribu- 
tion. Because only patients with complete occlusion of the 
circumflex coronary artery are included in the study, bias 
toward non-Q-wave infarctions in patients with incom- 
plete occlusion is avoided. The likelihood of Q-wave AMI 
ranged from 0%, with anterolateral left circumflex occlu- 
sion, to 38%, with inferolateral occlusion. These data are 
compatible with studies of electrical activation of the 
human heart, which suggest that true lateral wall AMI 
due to left circumflex occlusion may not develop Q waves 
because of the delayed ventricular excitation of this re- 
gion.? 

Non-Q-wave AMI is associated with less myocardial 
damage, improved left ventricular function, lower early 
mortality and higher risk for recurrent AMI.8 Treatment 
is traditionally directed at subtotal coronary artery steno- 
sis. We demonstrated that most total left circumflex 
coronary artery occlusions result in non-Q-wave AMI. 
Therefore, in evaluating patients with non-Q-wave AMI, 
in addition to subtotal occlusion of a coronary artery, 
total occlusion of the left circumflex coronary artery 
must be considered a distinct pathogenetic possibility. 


1. DeWood MA, Spores J, Notske R, Mouser LT, Burroughs R, Golden MS, 
Lang HT. Prevalence of total coronary occlusion during the early hours of trans- 
mural myocardial infarction. N Engl J Med 1980:303:897-902. 

2. DeWood MA, Stifter WF, Simpson CS, Spores J, Eugster GS, Judge TP, 
Hinnen ML. Coronary arteriographic findings soon after non-Q wave myocardial 
infarction. N Engl J Med 1986;315:417-423. 

3. Durrer D, VanDam RT, Freud GE, Janse MJ, Meijler FL, Arzbaecher RC. 
Total excitation of the isolated human heart. Circulation 1970:41:899-912. 

4. Chou T-C. Myocardial infarction, myocardial injury, and myocardial isch- 
emia. In: Electrocardiography in Clinical Practice. Orlando, Florida: Grune and 
Stratton, 1986:147-225. 

5. Myers GB, Klein HA, Stofer BE VII. Correlation of electrocardiographic and 
pathologic findings in lateral infarction. Am Heart J 1949:37:374-417. 

6. Dunn WJ, Edwards JE, Pruitt RD. The electrocardiogram in infarction of the 
lateral wall of the left ventricle. A clinicopathologic study. Circulation 1958: 
14:540-545, 

7. Horan LG, Flowers NC, Johnson JC. Significance of the diagnostic Q wave of 
myocardial infarction. Circulation 1971:43:428-436. 

8. Hutter AM, DeSanctis RW, Flynn T, Yeatman LA. Nontransmural myocar- 
dial infarction: a comparison of hospital and late clinical course of patients with 
that of matched patients with transmural anterior and transmural inferior myo- 
cardial infarction. Am J Cardiol 81:48:595-602. 


BRIEF REPORTS 789 


Cardiopulmonary Support Increases Morbidity and Mortality in 


High-Risk Coronary Angioplasty 
Harry Feld, MD, 


Itzhak Herz, MD, Gordon Fried, DO, Alvin Greengart, MD, Gerald Hollander, MD, 


Edgar Lichstein, MD, Nancy Schulhoff, RN, Linda Budzilowicz, RN, Robert Frankel, MD, 


and Jacob Shani, MD 


cardiopulmonary support during coronary angio- 

plasty.!2 Recently, the prophylactic use of cardio- 
pulmonary bypass has been suggested as a method to 
prevent hemodynamic collapse during high-risk angio- 
plasty. The National Registry of Elective Supported An- 
gioplasty recently reported the results of 14 centers that 
performed supported angioplasty in 105 patients.* To 
evaluate whether the entry criteria proposed by the Reg- 
istry actually warrant elective cardiopulmonary support, 
we compared the clinical course of 56 “high-risk” pa- 
tients who underwent standard angioplasty with the clini- 
cal course of patients placed on cardiopulmonary bypass 
prophylactically as reported in the Registry. | 

All 720 consecutive percutaneous transluminal 
coronary angioplasties (PTCAs) performed at Mai- 
monides Medical Center during the period of January 
1989 through April 1990 were reviewed independently 
by 2 observers. Criteria for entry into the National 
Registry of Elective Supported Angioplasty were met 
by 56 patients (7.5%). Entry criteria were (1) the 
presence of severe or unstable angina, (2) at least 1 
likely dilatable coronary artery stenosis, (3 ) left ven- 
tricular ejection fraction <25%, or (4) a target artery 
supplying more than one-half of the viable myocardi- 
um, (5) or both of the last 2. All of the charts of the 
patients that met these entry criteria were reviewed in 
detail specifically looking for procedure-related com- 
plications and the in-hospital clinical course. Out- 
patient follow up was performed by phone communi- 
cation or questionnaire, or both, by a clinical research 
nurse. Angiograms were reviewed independently by 2 
observers to evaluate the angiographic results of the 
lesions dilated. 

The numerical results are presented as mean val- 
ues + standard deviation. Appropriate 2-way tables 
were developed, and chi-square analysis was used to 
test for independence. The 2-tailed Student's t test 
was performed to analyze group means and to per- 
form mean differences. 

The clinical and angiographic characteristics of 
the patients who underwent elective PTCA without 


Poem bypass is a new technique that allows 
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prophylactic percutaneous bypass and those of pa- 
tients in the National Registry are presented in Tables 
Land II. Data comparing left ventricular function and 
myocardium at risk are presented in Table III. Angio- 
plasty was successful in 95% of the vessels attempted 
in both groups. In the Maimonides high-risk group, 
64% of the patients had an ejection fraction >25% 
compared with 66% of the National Registry group. 
However, 14% of the Registry's patients did not meet 
angiographic entry criteria because they had an ejec- 
tion fraction >25% and a target vessel supplying less 
than one-half of the viable myocardium. Of the le- 
sions dilated in the Registry, 28% supplied all of the 
viable myocardium. This compares with 22% in the 
Maimonides high-risk group. 

Compared with the National Registry, the Mai- 
monides high-risk group had a significantly lower 


TABLE I Clinical Characteristics of Patients Who Met Entry 
Criteria for the Registry 


MMC High-Risk Study 
(n = 56) 


National Registry 
(n = 105) 


Men 
Age (years) 
Chest pain (NYHA class) 


43 (76%) 
66 (35-86) 


84 (80%) 
62 (38-81) 


2 (3%) 

8 (14%) 
21 (38%) 
21 (38%) 

4 (7%) 


5 (5%) 
6 (6%) 
26 (25%) 
66 (63%) 
2 (2%) 


14 (25%) 
9 (34%) 
12 (21%) 


56 (53%) 
9 (9%) 
19 (18%) 
7 (13%) 18 (17%) 

4 (7%) 3 (3%) 


CHF = congestive heart failure; MMC = Maimonides Medical Center; NC = not 
classified; NYHA = New York Heart Association. 


TABLE II Angiographic Characteristics 


MMC High-Risk Study National Registry 
(n = 56) (n = 105) 


37 (16-67) 
20 (36%) 


32 (6-67) 
35% (33%) 


Ejection fraction (%) 
Ejection fraction (< 25%) 
Coronary stenosis ( > 50%) 
Left main 
Left anterior descending 


Left circumflex 

Right 
Longest inflation (sec) 
Total inflation time (sec) 


3132225 
783 + 497 


MMC = Maimonides Medical Center. 
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complication rate (Table IV). Evén though a similar 
percentage of patients underwent emergency bypass 
surgery in both groups, no patient in the Maimonides 
high-risk group died during the first 7 hospital days 
compared with the 7.6% of the patients reported in the 
Registry. All other major complications occurred 
much more frequently in the patients who underwent 
prophylactic cardiopulmonary bypass than in the 
high-risk patients who did not (Table IV). 

In the Maimonides high-risk group, 1 patient was 
brought to the Cardiac Catheterization Laboratory 
with an intraaortic balloon pump that had been 
placed previously while in the cardiac care unit for 
ongoing chest pain. Only the 3 patients (5.4%) who 
were transferred to the operating room for emergency 
coronary artery bypass surgery had an intraaortic 
balloon pump placed emergently during the proce- 
dure for ongoing chest pain and hemodynamic sup- 
port. To allow anterograde perfusion of the distal 
myocardium, a Stack perfusion catheter? was used in 
11% of the Maimonides high-risk patients during the 
procedure. This included the 3 patients who were 
transferred to the operating room. 

The patients in the Maimonides high-risk group 
were followed at 6 weeks. One patient died during this 
period, and 1 patient was lost to follow-up. Angina 
was markedly improved in 72% of the patients, no 
patient had a myocardial infarction during this time 
and only I patient required a repeat PTCA for reste- 
nosis. Follow-up for the Registry patients was for 1 to 
12 months after discharge. Angina had improved in 
91% of the patients, 4% died and 7% required follow- 
up revascularization. 

With the increasing availability and popularity of 
cardiopulmonary support, we performed this study to 
evaluate the necessity of subjecting all high-risk patients 
to the significant morbidity and mortality associated with 
cardiopulmonary support. In selecting the unsupported 
high-risk group, strict attention was paid to include only 
patients that met objective angiographic entry criteria for 
the Registry. This led us to construct a group that was 
actually, in some aspects, at higher risk than the group 
reported by the Registry, since 14% of the Registry’s 
patients did not meet objective angiographic entry crite- 
ria because they had an ejection fraction >25% and a 
dilated vessel that supplied less than one-half of the viable 
myocardium. 

The most serious adverse outcome reported by the 
Registry is the high mortality rate of 7.6%, which ex- 
ceeds the 5% mortality predicted for high-risk patients by 
the Registry. This predicted mortality was based on the 
hypothesis that these high-risk patients would have he- 
modynamic collapse, leading immediately to death in the 
angioplasty patients who have acute closure. In this pa- 
tient population, approximately 5% of patients are ex- 








TABLE IlI Left Ventricular Function and Myocardiurh at Risk 


MMC High-Risk 
Study (n = 56) 


National Registry 
(n = 105) 


LVEF <25% (n = 20) LVEF <25% (n = 35) 
5 (9%) 13 (12%) 
14 (25%) 19 (18%) 
6 (11%) 16 (15%) 
LVEF >25% (n = 36) LVEF >25% (n = 70) 
All myocardium 7 (13%) 17 (16%) 
>1/2 myocardium 36 (64%) 55 (52%) 
<1/2 myocardium 0 15 (14%) 
Success rate 95% 95% 


Target vessel supplies 
All myocardium 
> 1/2 myocardium 
< 1/2 myocardium 
Target vessel supplies 


Table based on the National Registry’s format. Note that total percentages exceed 
100% because patients whose target vessel supplies all of the myocardium are listed 
under both “All myocardium” and “> 1/2 myocardium.” 

LVEF = left ventricular ejection fraction; MMC = Maimonides Medical Center. 


TABLE IV Complications 


MMC High- National 


Risk Study Registry p Value 


Death 0 
Emergent bypass surgery 3 (5.4%) 
Myocardial infarction 1 (1.8%) 
Blood transfusion 1 (1.8%) 
Vascular or nerve injury 1 (1.8%) 
Other (GI bleed, DKA, ARF, SMA 

embolus, CVA and TIA) 0 (6.7%) 

ARF = acute renal failure; CVA = cerebrovascular accident; DKA = diabetic 


ketoacidosis; GI = gastrointestinal; MMC = Maimonides Medical Center; NS = not 
significant; SMA = superior mesenteric artery; TIA = transient ischemia accident. 


8 (7.6%) p=0.03 

4 (3.8%) NS 

7 (6.7%) NS 
45 (43%) p=0.0001 
27 (26%) p=0.0001 


p = 0.05 


pected to experience acute closure. The Registry re- 
ports that 5 patients died secondary to late coronary 
artery occlusion or during emergency bypass surgery, 
and 3 patients died from hemorrhage or thrombosis re- 
lated to cannula placement and its concomitant antico- 
agulation. This indicates that not only did cardiopulmo- 
nary support not reduce mortality in patients with acute 
closure, but there was an excess mortality secondary to 
cannula placement. 

In the Maimonides high-risk group there was no mor- 
tality despite the expected acute closure rate of 5% in the 
laboratory. This may be explained by the placement of a 
Stack perfusion catheter to perfuse the jeopardized myo- 
cardium” and insertion of an intraaortic balloon pump,® 
as the combination of both were sufficient to stabilize 
these patients and allow successful coronary bypass sur- 
gery to be performed. In addition, we routinely per- 
formed prolonged balloon inflations with standard non- 
perfusion balloons (Table II), a maneuver we believe 
useful in preventing acute closure.? In fact, the absence of 
mortality in the Maimonides high-risk group may be 
related to this maneuver since there were no late acute 
closures. 

Patients with left main dilatation were in a high mor- 
tality group (29%) in the Registry. Although there was a 
higher proportion of left main dilatations in the Registry 
group than in the Maimonides group, there is an insuffi- 
cient number of left main dilatations in this study for a 
statistical comparison. However, we reviewed the results 
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of all left main coronary artery angioplasties performed 
at our institution over a 5-year period. Only | of 16 
patients was placed prophylactically on cardiopulmonary 
bypass, and none of these patients died at 1-week follow- 
up.10 

The other high mortality group in the Registry is the 
group of patients >75 years old. This compares to no 
early mortality in the Maimonides high-risk group. We 
did find, however, that age >75 was a significant risk 
factor for other complications in the Maimonides high- 
risk group (p <0.01). 

Surprisingly, only 5.4% of the patients that met entry 
criteria and were not placed on prophylactic percutane- 
ous bypass required any hemodynamic support during or 
after the procedure. Therefore, the criteria used for pro- 
phylactic percutaneous bypass in the Registry is far too 
broad. Although the angiographic success rate was 95%, 
morbidity in the Registry was frequent. 

Nevertheless, the development of cardiopulmonary 
support is a major significant advancement in the field of 
Invasive Cardiology. The criteria suggested by the Na- 
tional Registry, however, is far too broad. As indicated 
by this study, elective high-risk angioplasty can be per- 
formed safely without cardiopulmonary support. In addi- 
tion, emergency high-risk angioplasty such as direct 
PTCA for acute myocardial infarction can be performed 
safely without cardiopulmonary support.!!!* Cardiopul- 
monary support should be reserved only for patients at 
highest risk for hemodynamic collapse, i.e., patients with 
extremely poor ventricular function and those actually in 
shock. Further studies need to be performed to evaluate 
how factors such as ongoing angina and lesion morpholo- 
gy contribute to the high risk of patients in order to 


determine which subgroup may benefit from elective 
cardiopulmonary support. 
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Lack of Pain During Myocardial Infarction in Diabetics — 
is Autonomic Dysfunction Responsible? 


Devikumar U. Acharya, MD, Y. Chandra Shekhar, MD, DM, Anupam Aggarwal, MD, 


and Inder S. Anand, MD, DPhil (Oxon) 


oronary artery disease is the most frequent cause 

of death among adult diabetic patients.! Myo- 

cardial ischemia is often silent in these patients,” 
and 33 to 42% of them do not experience chest pain 
during myocardial infarction. Absence of pain has been 
attributed to autonomic neuropathy,*> which is fairly 
common in patients with diabetes. Silent myocardial 
ischemia,’ infarction*® and sudden cardiac death®’ oc- 
cur most often in patients who also have autonomic dys- 
function. Diabetic patients dying of painless myocardial 
infarction have morphologic features typical of diabetic 
neuropathy in the autonomic nerve fibers supplying the 
heart.4 However, not all patients with florid diabetic 
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autonomic neuropathy have painless myocardial infarc- 
tion. The mechanism of painless myocardial infarction 
in diabetic patients, therefore, remains unclear and it is 
not known whether autonomic dysfunction is responsible 
for the lack of pain. No systematic study has examined 
the differences in autonomic functions between diabetic 
patients with painful and painless myocardial infarctions. 
Therefore, this study investigated the autonomic func- 
tions in 14 diabetic patients with myocardial infarction, 7 
of whom had no chest pain during infarction. 

This study consisted of 14 consecutive diabetic pa- 
tients (Table I) presenting with acute myocardial in- 
farction who had well-controlled diabetes mellitus for 
>5 years. A group of normal age-matched subjects 
were chosen as control subjects. Seven patients (5 men 
and 2 women, mean age + standard deviation 60 + 5 
years) had had painless myocardial infarction and the 
other 7 (6 men and 1 women, mean age 55 + 12 years) 
had experienced varying degrees of pain during in- 


TABLE I Clinical Data on Diabetic Patients with Painless and Painful Myocardial Infarction 


Blood Pressure 


Duration of 
Diabetes 
(mos) 


SBP 





Heart 
DBP Rate Peripheral 
(mmHg) (beats/min) Neuropathy 





0 
0 
0 
0 
0 
0 
0 


p Value (unpaired t test) Painless Versus Painful 


0.13 0.02 


0.31 


0.18 


DBP = diastolic blood pressure; SBP = systolic blood pressure; SD = standard deviation; + = present; 0 = not present. 
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farction. Five of the patients in the group with painless 
infarctions presented with acute left ventricular fail- 
ure and were found to have a myocardial infarction. 
The remaining 2 patients had myocardial infarction 
while they were admitted for cataract extraction. Se- 
verity of chest pain was graded as mild, moderate or 
severe, and was recorded on admission before admin- 
istering analgesics. Patients with pseudoinfarct Q 
waves,® chronic renal failure or congestive heart fail- 
ure, as well as those confined to bed for a prolonged 
period of time, were excluded from the study. Patients 
receiving methyldopa or B blockers were also exclud- 
ed. All patients and control subjects gave written in- 
formed consent to the study, and the protocol was 
approved by the hospital ethical committee. Investi- 
gations were performed after the patients had rested 
for 1 hour. The left brachial artery was cannulated 
percutaneously using a 3Fr Teflon® cannula (Seldi- 
cath). Intraarterial pressure, electrocardiogram and 
respiration were recorded on a Siemens Mingograf-7 
recorder. 

Autonomic function tests were performed as fol- 
lows?!9; Expiration/inspiration ratio was calculated 
as the ratio of the mean of the longest RR interval 
during expiration and the shortest RR interval during 
inspiration while the patient took 6 deep breaths per 
minute. The Valsalva maneuver was performed by 
having the patient blow against a mercury column for 
15 seconds to maintain a pressure of 40 mm Hg. The 
Valsalva ratio was calculated by dividing the longest 
RR interval during phase IV by the shortest RR inter- 
val during phase II. The baroreceptor sensitivity slope 
was assessed by administering an intravenous bolus of 
phenylephrine (50 to 200 ug) and recording the in- 
crease in blood pressure and decrease in heart rate at a 
paper speed of 100 mm/s. The slope was computed by 
plotting the systolic blood pressure of every beat 
against the subsequent RR interval and expressed as 
ms/mm Hg. The effect of mental stress on blood pres- 
sure and heart rate was studied by asking the patient 
to solve a difficult arithmetic problem mentally while 
the heart rate and blood pressure were continuously 
recorded. The response of the arterial blood pressure 
to sudden loud noise was also recorded. Cold pressor 
test was performed by immersing one hand of the 
patient into water at 4°C for 1 minute and recording 
the ensuing increase in blood pressure. Postural de- 
crease in the systolic blood pressure was recorded as 
the difference between the supine and standing (after 2 
minutes) arterial blood pressures. Samples for plas- 
ma norepinephrine were obtained after the patient had 
been in the supine posture for 30 minutes and then 
after standing for 10 minutes. Plasma norepinephrine 
was determined by high-performance liquid chroma- 
tography with electrochemical detection.!' All data 


are expressed as mean + standard deviation. Differ- 
ences between the means in the 2 groups were ana- 
lyzed using student's t test. 

Patients in both groups were age-matched (Table 
I). Diabetes was of significantly longer duration in the 
group with painless myocardial infarction (p <0.05) 
and the blood sugar in all patients was well-con- 
trolled. In the group with painful myocardial infarc- 
tion, 2 patients had mild, 2 had moderate and 3 had 
severe chest pain during myocardial infarction. Five 
patients in the group without and none in the group 
with painful myocardial infarction had evidence of 
peripheral neuropathy (p <0.01). The diagnosis of 
peripheral neuropathy was performed by a neurolo- 
gist who was unaware of the diagnosis or study proto- 
col. The group with painful myocardial infarction was 
studied 7 + 6 months, whereas the group with painless 
myocardial infarction was studied 5 + 4 months after 
infarction (p = 0.23). 

Results of autonomic function tests are listed in 
Table II. Heart rate and blood pressure at rest were 
similar in all 3 groups. The mean expiration/inspira- 
tion ratios in both diabetic groups were significantly 
less than that in the control subjects, whereas that in 
the group with painless myocardial infarction (1.07 + 
0.04) was significantly lower than that in the group 
with painful myocardial infarction (1.29 + 0.20, p 
<0.01). The Valsalva ratio and the baroreceptor sen- 
sitivity slope also showed a similar response in all 
groups. The increase in blood pressure with sudden 
loud noise, mental arithmetic and cold was similar in 
all groups. There was no significant difference in the 
postural decrease in blood pressure among the 3 
groups. The supine and standing plasma norepineph- 
rine values varied widely in both diabetic groups. The 
supine norepinephrine values were higher in the group 
with painless myocardial infarction than in the con- 
trol group (p <0.05) and showed a similar but nonsig- 
nificant trend in the group with painful myocardial 
infarction (p = 0.06). The standing norepinephrine 
levels in both diabetic groups were no different from 
that in the control group. The plasma concentration of 
norepinephrine while standing showed a significant 
increase over the supine values in the control subjects 
and in the group with painless infarct (p <0.01), but 
not in the group with painful infarct. 

This is the first study to investigate the differences in 
autonomic functions in diabetic patients with painful or 
painless myocardial infarction. Chiariello et al? showed 
abnormalities in autonomic function in 2 diabetic pa- 
tients who had silent myocardial ischemia on Holter 
monitoring. Niakan et al showed abnormalities in the 
Valsalva ratio in 34% of 73 diabetic patients; 5 had had a 
previous silent myocardial infarction. We performed a 
battery of tests to selectively localize the sites of abnor- 
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TABLE II Autonomic Functions in Diabetic Patients with Painless and Painful Myocardial Infarction 


Blood Pressure (mm Hg) 


Baroreceptor 
Slope 
(ms/mm Hg) 


Norepinephrine 
Lying/Standing 
(pg/ml) 


Loud 
Noise 


Mental 
Arith. 


Cold 
Pressor 


Postural 
Decrease 


Valsalva 
Ratio 





Painless Myocardial Infarction Group 














7 10 

2 t 1.14 0 

3 1.03 1.10 0.6 6 10 11 2 176/236 

4 1.06 1.06 0.5 13 11 7 50 447/481 

5 1.06 1.00 0.5 26 14 46 0 581/631 

6 1.14 Pis 3.8 5 3 7 0 212/315 

7 1.06 1.09 2.2 7 7 35 0 282/348 
Mean 1.07 1.08 1.6 14.7 12.1 23.1 8.9 340/402 
+ SD + 0.04 + 0.05 12 + 9.6 + 6.4 + 17.7 + 18.5 + 170/156 
n 7 7 7 7 7 7 7 5/5 

8 1.45 1.70 9.3 18 11 5 0 —/- 

9 1.58 4.35 7.6 ts — 26 2 —/- 
10 1.44 1.14 4.8 19 19 11 20 202/112 
11 1.16 1.20 9.8 10 4 14 10 243/331 
12 1.07 1.10 5.0 10 16 18 6 277/252 
13 L.12 1.10 2.9 17 17 7 0 492/388 
14 1.19 t.12 1.7 31 29 23 6 1982/2180 
Mean 1.29 1.24 5.9 17 16 15 6 639/653 
+ SD + 0.20 +: 0:22 $3.1 =a | +8 +8 m + 759/+ 860 
n 7 7 7 7 5/5 





Control Subjects 


Mean 1.65 172 10.4 18 10 18 3 197/346 
+ SD 30:13 + 0.18 + 3.5 +12 +4 +6 <2 + 65/+ 186 
n 8 8 7 8 8 8 16 8/8 





7 6 7 














p Value (unpaired t test) Control Versus Painful 


<0.0001 <0.0001 <0.0001 


0.6 0.7 0.7 0.1 0.026/0.3 


Control Versus Painless 


<0.0001 <0.0001 0.013 


0.2 0.06/0.2 


Painless Versus Painful 


0.008 0.0037 0.003 


1.6 0.8 0.2 
0.3 0.2 0.1 0.4 0.21/0.3 


Arith. = arithmetic; BP = systolic blood pressure; E/I = expiration/inspiration; SD = standard deviation. 





mality. These tests are fairly sensitive and reproduc- 
ible,!?!3 and correlate well with neurophysiologic investi- 
gations. !4 

Expiration /inspiration ratio, Valsalva ratio and baro- 
receptor sensitivity slope were abnormal in both groups of 
diabetic patients compared with age-matched control 
subjects and were most deranged in the group with pain- 
less myocardial infarction. Even in the group with painful 
myocardial infarction, there was a suggestion that the 
severity of pain was inversely related to autonomic func- 
tion. Thus, patients with mild chest pain had the greatest 
degree of dysfunction. However, the data are too limited 
to allow for definite conclusions. 

There were no differences in tests for sympathetic 
function (blood pressure response to loud noise, changes 
in posture, performance of mental arithmetic, cold, and 
different levels of catecholamine) in both diabetic groups. 
However, there was a marked difference in the tests for 
parasympathetic function (expiration/inspiration ratio, 


baroreceptor sensitivity slope and Valsalva ratio). The 
Valsalva maneuver examines the integrity of the entire 
autonomic arc, i.e., high- and low-pressure barorecep- 
tors, afferent parasympathetic, and efferent sympathetic 
and parasympathetic pathways. There are no tests to 
examine the afferent limb of the baroreceptor reflex arc 
directly. The afferent function is likely to be abnormal if, 
during phase IV of the Valsalva maneuver, the arterial 
pressure continues to decrease despite a normal efferent 
sympathetic function.!> None of our patients with pain- 
less infarction had a decrease in blood pressure during 
phase IV of the Valsalva maneuver, and all patients had 
intact sympathetic function. Therefore, it can be pre- 
sumed that the afferent limb of the baroreceptor arc in 
these patients was normal. This, as well as evidence of a 
depressed baroreceptor sensitivity slope, suggests that, 
whereas the afferent baroreceptor function is preserved 
in the group with painless infarct, the efferent cardiac 
vagal functions are abnormal. The occurrence of abnor- 
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mal parasympathetic efferent function with preserved 
sympathetic efferent function has been well-described in 
the progression of diabetic autonomic neuropathy. !? It 
has been suggested that the long vagus nerve is more 
susceptible to damage. !? 

Because sympathetic afferents are generally consid- 
ered to mediate visceral pain, the relation of painless 
ischemia to abnormalities of parasympathetic function is 
unclear. Bilateral thoracic sympathetic ganglionectomy 
of the upper 3 to 4 ganglia results in relief of anginal pain 
in approximately 75% of patients.'®-'” Persistence of an- 
ginal pain after sympathectomy in some patients implies 
the existence of cardiac vagal afferent fibers.!© Clinical 
and pathologic data suggest that a rigid division into 
sympathetic and parasympathetic involvement is often 
not possible.!® Because there are no isolated tests for 
sympathetic afferent function, subtle dysfunction can not 
be ruled out. Low et al!’ recently showed that abnormal 
sympathetic function may become apparent if sensitive 
quantitative recording methods are used in diabetics with 
vagal dysfunction. 

In conclusion, autonomic dysfunction is more marked 
in diabetic patients with painless myocardial infarction 
compared with those with pain during infarction. The 
defect seems to be localized predominantly to the cardiac 
efferent parasympathetic pathway. Further confirmation 
is needed. 
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Late Intravenous Gamma Globulin Treatment in Infants and Children 
with Kawasaki Disease and Coronary Artery Abnormalities 


Maurizio Marasini, MD, Giacomo Pongiglione, MD, Diego Gazzolo, MD, Antonio Campelli, MD, 
Dionigi Ribaldone, MD, and Salvatore Caponnetto, MD 


awasaki disease or mucocutaneous lymph node 
syndrome is a febrile illness affecting infants and 
children. The major complication leading to 
mortality and morbidity is the development of coronary 
artery aneurysms or ectasia, occurring in approximately 
10 to 25% of the patients affected by this disease.!~? 
High-dose intravenous gamma globulin is effective in 
reducing the incidence of coronary artery abnormali- 
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ties.!4 If this treatment is not administered within 10 
days from the onset of the disease, its efficacy is question- 
able.!> This study assesses the effect of a later gamma 
globulin treatment on the course of established coronary 
artery abnormalities. 

From January 1984 to October 1989, we examined 
11 male and 5 female patients with Kawasaki disease 
and abnormalities in 1 or more coronary arteries at 
cross-sectional echocardiography. The diagnosis of 
Kawasaki disease was made by standard criteria. $7 
All patients received aspirin (100 mg/kg/day) until 
the fever disappeared and later therapy combined 
with aspirin (5 mg/kg/day) and dipyridamole (5 
mg/kg/day). This was the only treatment in 9 patients 
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(group I), whereas the remaining 7 children admitted 
after January 1987 received intravenous gamma glob- 
ulins (400 mg/kg/day) for 5 days (group II). In all 
cases, gamma globulin therapy was begun after the 
tenth day from the onset of the disease, when coronary 
artery abnormalities had already developed. Coro- 
nary arteries were studied with multiple echocardio- 
graphic scan planes® and videotaped images were ret- 
rospectively reviewed for this study. We considered a 
coronary artery dilated when the lumen diameter was 
>3 mm.’ Coronary arteries with >4 mm diameter 
were classified as aneurysms and an aneurysm was 
considered to be “giant” if its internal diameter was 
>8 mm? Data were expressed as mean + standard 
deviation. Statistical analysis was performed by un- 
paired Student's t test and by Fisher's exact test; p 
<0.05 was considered significant. 

There was no significant difference between the 2 
groups in age and delay from the onset of fever to 
admission in our Hospital (Table 1). At initial exami- 
nation, echocardiography in group I showed coronary 
artery aneurysms in 7 patients (3 giant aneurysms) 
and dilated coronary arteries in 2. A similar image of 
coronary abnormalities was found in group II ( Table 
I). 

In group I, | infant with giant aneurysm was found 
dead in bed 2 months after the onset of illness. A 
partial autopsy revealed aneurysmal dilatation and 
thrombosis involving primarily the left anterior de- 
scending artery. The infarction in the left ventricle was 
acute and poorly demarcated. 

All other cases were followed up with serial echo- 
cardiograms for at least 1 year (Table I). In group I, 4 
patients had a complete resolution of abnormalities at 
follow-up. The last 4 children had persistent abnor- 
malities at 2 to 6 years from the onset of disease, 
including 2 patients who developed myocardial in- 
farction at 4 and 6 years later, respectively. These are 
the only 2 patients in our series who underwent cath- 
eterization for selective coronary angiography. In 
group II, all patients had resolution of coronary ab- 
normalities at follow-up echocardiography. 

The results are summarized in Table I. There was 
no significant difference between the 2 groups in the 
initial coronary artery involvement. However, the per- 
centage of infants with an unfavorable outcome 
(death or residual coronary abnormalities) decreased 
from 55% in group I to 0% in group II (p <0.05). 

In patients in whom coronary artery abnormalities 
develop in the course of Kawasaki disease, echocardio- 
graphic examination performed 1 to 2 years later reveals 
persistent aneurysms in approximately half the affected 
children, and these children are at high risk for early 










Group | Group II 
(n = 9) (n = 7) 















TABLE I Group Characteristics and Results 


22 +29 
18+7 


Age (months) (mean + SD) 
Days of illness at enrollment (mean + SD) 
Coronary abnormalities 
Aneurysm 
Giant aneurysm 
Ectasia 
Follow-up (months) (mean + SD) 4 
Death 
Aneurysm 4 
Normalization 4 


*p <0.05. 
SD = standard deviation. 


ischemic heart disease.%35-210 In this study, 5 patients in 
group I had an unfavorable outcome, whereas all chil- 
dren treated with gamma globulins during the subacute 
phase of the disease are now well with completely normal 
echocardiograms. Further investigations are needed to 
determine whether these “healed” coronary arteries will 
eventually lead to late chronic coronary artery dis- 
ease.*'! Our results suggest a favorable effect of gamma 
globulins on established coronary abnormalities, at least 
in the midterm follow-up. 


18+19 
16+3 
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Evidence Suggesting Time-Dependent Recovery of Excitability in the 


In Vivo Human Sinus Node 


James A. Reiffel, MD, James A. Cook, MD, and Marc D. Meissner, MD 


of automaticity and conduction. Automaticity 

arises in its dominant and latent pacemaker cells 
and results from both time and voltage-dependent ionic 
currents as shown by in vitro studies.';* Conduction is 
required for propagation of the generated impulse. Both 
automaticity and conduction can be assessed in vivo by 
way of clinical electrophysiologic studies, as well as in 
vitro.24 The SN also displays excitability; i.e., the ability 
for an action potential to be produced by an applied 
stimulatory current.!? In the SN, in vitro studies have 
shown that the recovery of excitability, the ability of a 
cell to be reexcited by a subsequent application of cur- 
rent, is also both voltage-dependent, typical of all cardiac 
tissues, and time-dependent, characteristic of only “slow 
response” fibers.!? Time-dependent recovery outlasts 
voltage-dependent recovery; thus, SN cells cannot be re- 
excited by a stimulatory current (are “refractory” ) de- 
spite a return of membrane potential to baseline voltage 
until time-dependent recovery has also been achieved. 7 
Unlike automaticity and conduction, recovery of SN 
excitability has not been directly studied in humans since 
clinical electrophysiologic studies have not encompassed 
the ability to directly stimulate the SN and verify such 
stimulation. Nevertheless, one might expect that similar 
mechanisms would be operative in vivo as in vitro. 

In the 1980s, 2 developments occurred which bear on 
the ability to assess excitability in vivo. The first was the 
recognition and verification that SN refractoriness could 
be studied through retrograde activation>® (i.e., the re- 
sponses to atrial premature stimuli can be analyzed to 
determine the coupling interval at which retrograde pen- 
etration of the SN is lost and the complexes become 
interpolated). Interpolation has been shown to occur 
when SN refractoriness is encountered. The second was 
the development of SN electrography® !? and the docu- 
mentation that the extracellular, transcatheter SN elec- 
trogram truly reflects the action potentials occurring in 
the underlying SN. We believe these 2 developments 
could be combined to indicate whether time-dependent 
recovery of SN excitability exists in vivo. If SN refrac- 
toriness outlasts the voltage excursions of the SN depo- 


T he sinus node (SN) possesses the properties 
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larization on the SN electrogram, time dependence of 
recovery of excitability is suggested. 

Patients were considered eligible for our study if 
they were referred for clinical electroph ysiologic test- 
ing for reasons other than SN dysfunction, had a 
normal 12-lead electrocardiogram, took no drugs, 
had no clinical evidence of SN dysfunction, had no 
prolongation of SN recovery times during testing, had 
successful SN electrogram recordings, and gave in- 
formed consent for study. Eighteen such subjects were 
identified from 1989 to 1990. In 9, the SN refractory 
period could not be assessed either because the atrial 
effective refractory period exceeded the SN refractory 
period or because of the precipitation of atrial ar- 
rhythmias. Data from the remaining 9 patients (8 
men, 3 women, mean age 57 years) are reported. Sino- 
atrial conduction times were normal in 7 and border- 
line long (140 ms) in 2 (patients 3 and 7, Table I). The 
SN refractory period was assessed using high right 
atrial premature stimuli (A2), introduced in decre- 
mental coupling intervals after 8-beat trains of atrial 
pacing (A1), at a cycle length just short enough to 
assure atrial capture (30 to 60 ms shorter than the 
sinus cycle length) and not short enough to prolong 
atriosinus conduction. This technique and its analysis 
have been previously described.™ 8 Al—A2 stimulation 
was also used to determine the atrial effective refrac- 
tory period. The SN depolarization on the SN electro- 
gram was identified and its duration determined, also 
previously described.!? Time dependence of recovery 
of excitability was assumed to exist if the SN refrac- 
tory period exceeded the duration of the SN depolar- 
ization on the SN electrogram. 


TABLE I Electrophysiologic Measurements (in ms) 


SND AERP SNERP 


1 
2 
3 
4 
5 
6 
7 
8 
9 


_ AERP = atrial effective refractory period; SACT = sinoatrial conduction time; SCL = 
sinus cycle length; SND = duration of sinus node depolarization on the sinus node 
electrogram; SNERP = sinus node effective refractory period. 
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Patient #7 


oes fin, \ 


A, A, (msec) 


FIGURE 1. A visual display of sinus node depolarization (SND) 
duration, atrial effective refractory period (AERP) and sinus 
node effective refractory period (SNERP). The sinus node elec- 
trogram from patient 7 is superimposed on the plot of A,A> 
(coupling interval of induced atrial premature depolarization) 
versus A2A; (coupling interval of atrial premature depolariza- 
tion to the ensuing sinus beat), from which refractory periods 
are determined (see text). Horizontal points in mid-diastole re- 
sult from A2, that penetrate and reset the sinus node,3-8 after 
which the return sinus cycle is constant (consisting of sinus 
cycle length and sinoatrial conduction in and out of the node). 
Diagonal reference line defines A2, that no longer enter and 
reset the sinus node, are blocked and, thus, are interpolated. 
Points on this line following paced A;A;, must have A;A> 
plus A2A3 equal basic sinus cycle length plus twice sinoatrial 
conduction time. In this patient, sinus cycle length was 960 
ms, sinoatrial conduction time was 140 ms and paced A,A; 
was 900 ms. Stimuli at coupling intervals <180 ms do not 
capture the atria (AERP). The sinus node electrogram is su- 
perimposed on the same x axis and reveals sequential sets of 
sinus node, atrial and ventricular depolarizations. SND is seen 
preceeding each atrial depolarization. Duration of SND is indi- 
cated by brackets. 


The duration of the SN depolarization, the SN 
effective and atrial effective refractory periods for 
each patient are listed in Table I. In9 of 9 patients, the 
SN refractory period exceeded both the atrial refrac- 
tory period (a requirement for enrollment in the 
study) and the duration of the SN depolarization on 
the SN electrogram. For the entire group (mean + 
standard deviation), the SN refractory period (308 + 
70 ms) exceeded both the atrial effective refractory 
period (184 + 17 ms) and the duration of the SN 
depolarization (104 + 11 ms) (p <0.02). Figures 1 
and 2 visually display representative data. 

The above-mentioned data are consistent with our 
hypothesis that time-dependent recovery of excitability 
exists in vivo in humans as it does in vitro. Because 
retrograde penetration of the SN by induced atrial pre- 
mature depolarization was not limited by refractoriness 
of atrial tissue intervening between the stimulus site and 
the SN (given that the atrial refractory period is less than 
that of the SN) or by the voltage excursion of the SN 





SND (120) 
Rae 





FIGURE 2. A ladder diagram of the events during A;A2 stimu- 
lation in patient 7. Diagram of events in the sinus node (SN), 
sinoatrial junction (SAJ) and atrium (A) during A,A; stimula- 
tion. Sinus node depolarization (SND) (traced from sinus node 
electrogram in Figure 1) is shown to occur after retrograde 
penetration of the SN by A;. Time markers of 100 ms are 
provided. SND duration (120 ms) and sinoatrial conduction 
time (SACT) (140 ms) are shown, as are vertical markers in- 
dicating time occurrence of atrial effective refractory period 
(AERP) and sinus node effective refractory period (SNERP), 
SNERP does not result from infringement on AERP or SND, 
as it is longer than both of these. 


potential (given that the SN refractory period is greater 
than the duration of excursion of the SN potential from 
the isoelectric baseline), some other factor must exist. 
The in vitro studies suggest this factor is time dependence 
of recovery of excitability. However, since current clini- 
cal electrophysiologic methods do not allow us to tell 
precisely where in the SN the premature atrial impulse 
encountered refractory tissue and thus whether or not it 
was in the dominant pacemaker region, our data can only 
be considered as highly suggestive rather than definitive. 
Moreover, if the SN refractory period measured clinical- 
ly is longer than the refractory period of individual cells, 
as may be seen with refractory period assessment in the 
atrioventricular node, then the actual duration of time 
dependence cannot be ascertained by clinical studies such 
as ours. However, the mean difference between SN du- 
ration and SN refractory period in our patients (204 ms) 
is similar to values that have been seen in vitro. Further 
studies, including the effect of disease or drugs on the 
nature of time dependence, may be of interest. 
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Survival In Patients Declining Implantable Cardioverter-Defibrillators 
Sergio L. Pinski, MD, Elena B. Sgarbossa, MD, James D. Maloney, MD, and Richard G. Trohman, MD 


revious studies have suggested that the implanta- 

ble cardioverter-defibrillator (ICD) significantly 

prolongs survival in patients with malignant ven- 
tricular arrhythmias.'~> Design limitations inherent in 
studies without internal controls make results difficult to 
interpret.4 Randomized trials would be ideal to define the 
benefits derived from ICDs, but there has been reluc- 
tance to initiate such trials. In this study, we used patients 
who declined ICD implant as a control population to 
assess results of ICD therapy. 

All 77 patients with malignant arrhythmias for 
whom we recommended ICDs during 1989 were re- 
viewed. Sixty-seven had drug-refractory arrhythmias 
and 10 had cardiac arrest without inducible sustained 
ventricular tachycardia. Arrhythmia-related deaths 
were defined as the sum of sudden deaths, operative 
deaths (within 30 days of the procedure or before 
hospital discharge), arrhythmic nonsudden deaths 
(within 24 hours after having ventricular arrhythmias 
terminated by defibrillation), and deaths due to anti- 
arrhythmic drug toxicity. Values are presented as 
mean + standard deviation. Comparisons were per- 
formed by means of Student's, chi-square or Fisher's 
tests. Analysis of survival was performed by the 
Kaplan-Meier and Mantel-Haenszel methods. A p 
value <0.05 was considered significant. 

Fifteen patients (19%) declined ICD implant 
(group A). The remaining 62 patients (81%) under- 
went the procedure (group B). Groups did not differ 
significantly when variables were compared (Table I). 
Eight patients in group A were discharged taking 
amiodarone; 6 were discharged taking amiodarone 
and a class I drug, and 1 patient was given quinidine. 
Hemodynamically unstable sustained ventricular 
tachycardia (cycle length 322 + 53 ms) was inducible 
on the discharge regimen in 12 patients. In 3, the 
regimen was not tested. Patients were followed up for 
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18 + 7 months. In group A, 3 patients eventually 
received an ICD and were withdrawn from follow-up 
at that time. Two had ventricular tachycardia recur- 
rences requiring cardioversion. Another opted for an 
ICD after 3 months. There were 3 deaths in group A. 
A patient treated with amiodarone had cardiac arrest 
at home. She was defibrillated and taken to a hospi- 
tal. An electrocardiogram suggested acute myocardi- 
al infarction. She died in electromechanical dissocia- 
tion after several recurrences of ventricular fibrilla- 
tion. One patient died of heart failure and another 
from gastrointestinal bleeding. There were 10 deaths 
in group B (6 were arrhythmia-related). Five patients 
died postoperatively (4 after initial implant and 1l 
after removal of infected patches) and | died in the 
hospital after several episodes of ventricular tachy- 
cardia. The other 4 died of heart failure. Survival at 
12 and 18 months was 78 + 12, and 78 + 15, respec- 
tively, in group A and 85 + 4 and 84 + 5, respectively, 
in group B (p = not significant). Freedom from ar- 
rhythmia-related death was 91 + 9 and 91 + 10 in 
group A and 90 + 4 and 90 + 4 in group B (p = not 
significant). 

Our series suggests that, in the short term, the use of 
ICDs does not lead to a dramatic decrease in total or 


TABLE I Comparison Between Group A and B Patients 


GroupA— Group B— 
Declined ICD ICD 
(n = 15) (n = 62) 


Age (years) 

Men/women 

Coronary artery disease (%) 

Clinical presentation 
Cardiac arrest (%) 
Hemodynamically significant VT (%) 
Syncope with inducible sustained 


64+ 4 
14/1 
13 (87) 


62 +8 
50/12 
47 (76) 


4 (27) 
6 (40) 
5 (33) 


23 (37) 
31 (50) 
8 (13) 
monomorphic VT (%) 
Left ventricular ejection fraction (%) 
Cycle length of induced sustained 
monomorphic VT (ms) 


Failed antiarrhythmic drug trials 


31:18 
289 + 70* 


34+15 
284 + 65t 


29 #41.3) > a. E E V 


*n = 13; tn = 43. ICD = implantable cardioverter-defibrillator; NS = not 
significant; VT = ventricular tachycardia. 
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arrhythmia-related mortality. However, it lacks statisti- 
cal power to detect small but significant differences be- 
tween treatments. Indications for ICDs agreed with 
those generally accepted. Although our design does not 
protect from bias as well as randomization does, groups 
were similar in several prognostically important vari- 
ables, supporting the validity of the comparison. Our 6% 
operative mortality seems high, but we applied more 
stringent criteria for its definition than others have 
used.’ Amiodarone was given to all but 1 of the patients 
who declined an ICD. Electrophysiologic studies are use- 
ful in assessing the effects of amiodarone therapy, but 
have a suboptimal specificity for predicting treatment 
failures.® 

The effects of ICD therapy on patient survival have 
been explored by comparing patients treated with ICDs 
with control subjects treated before ICD availability. 
The main limitation of this approach is that comparabil- 
ity between groups cannot be ensured. Referral patterns, 
supportive care and alternative therapies change over 
time. Other studies have used patients with ICDs as their 
own control subjects by comparing actual to estimated 
survival based on the time of the first shock received.!.3 
This design overestimates the efficacy of ICDs. Current- 
ly approved devices do not store the electrograms that 
trigger discharges. Thus, the appropriateness of sponta- 
neous shocks is a matter of clinical judgment. Even 
shocks confirmed appropriate by electrocardiography 
cannot always be equated with death. Many recurrences 
of ventricular tachycardia in patients taking antiarrhyth- 
mic drugs are relatively well-tolerated. Furthermore, pa- 
tients with ICDs do not always receive concomitant best 
alternative therapy. 

Most of these shortcomings can be avoided by the use 
of patients who declined ICD implant as control subjects. 
As stated by Feinstein,’ “a patient who fails to carry out 
the doctor’s recommendations is performing an impor- 
tant experiment that the doctor was unwilling to under- 
take.” Behringer et al® recently reported a poor outcome 


in 18 patients declining ICDs. Several differences be- 
tween their study and ours may explain the opposite 
conclusions. Their patients were treated between 1983 
and 1989, whereas all our patients were seen during 
1989. They treated 5 patients (28%) with only class I 
drugs, 4 of whom died suddenly. Only 1 of our patients 
(7%) was treated with quinidine. Finally, since they did 
not provide characteristics of their patients receiving 
ICDs during the same period, population bias cannot be 
ruled out. 

The value of ICDs in the management of patients 
with malignant arrhythmias is still being elucidated. The 
favorable early experience with these devices warrants 
the performance of extensive randomized trials compar- 
ing ICDs with other therapies. We are aware of 2 trials 
being conducted abroad and of attempts to launch a 
multicenter trial in the United States. Hopefully, these 
trials will shed further light on the role of ICDs in pa- 
tients with malignant ventricular arrhythmias. 
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Cardiac Tamponade Complicating Mitral Balloon Valvuloplasty 


Manuel Pan, MD, Alfonso Medina, MD, José Suarez de Lezo, MD, Enrique Hernandez, MD, 
Miguel Romero, MD, Djordje Pavlovic, MD, Francisco Melian, MD, José Segura, MD, 


Manuel Roman, MD, Anastasio 
Angela Montijano, MS, and Federico Vallés, MD 


he efficacy of mitral balloon valvuloplasty 

(MBV), for the treatment of mitral stenosis has 

been recently demonstrated.!-5 However, major 
complications such as severe mitral insufficiency, system- 
ic embolism, atrial septal defect or cardiac perforation 
can occur during the procedure.®’ Tamponade, although 
consistently reported on, has not been described in detail 
regarding the mechanism, forms of presentation, man- 
agement and outcome. This report analyzes these aspects 
in 8 patients who presented with acute tamponade during 
MBV. 

Of 300 patients with mitral stenosis treated at our 
institutions with percutaneous balloon valvuloplasty, 
8 (2.6%) developed cardiac tamponade during the 
procedure. The characterization of this particular 
group of patients constitute the purpose of the study. 
The baseline data are listed in Table I. Mean age + 
standard deviation was 47 + 13 years. Six (75%) were 
in sinus rhythm, and 6 (75%) were in functional class 
III. All patients were clinically studied, including 2- 
dimensional and Doppler echocardiography; the same 
study was repeated before discharge and at a mean 
period of 10 + 7 months later. 


atthe SPS AED Sot GS Se eS EE 
From the Hospital “Reina Sofia,” University of Cérdoba, Cérdoba, and 


the Hospital del Pino, University of Las Palmas, Las Palmas de Gran 
Canaria, Spain. Dr. Pan’s address is: Servicio de Cardiologia, Hospital 
Reina Sofia, Avenida Menéndez Pidal 1, 14004-Cérdoba, Spain. Man- 
uscript received January 21, 1991; revised manuscript received and 
accepted May 24, 1991. 


TABLE I Patient Characteristics 


Baseline Data 


Pt. Age LA Size Gorlin Area LA Pressure RA Pressure 


No. (yr) Rhythm (mm) (mmHg) (mmHg) (mm) 


Montero, MD, José Morales, MD, Manuel Franco, MD, 


After written informed consent was obtained, all 
patients underwent percutaneous right- and left-sided 
cardiac catheterization, as previously described.’ To 
clarify the cardiac landmarks before transeptal punc- 
ture, we performed a pulmonary arteriography in the 
posteroanterior view for visualizing the left atrium in 
the levophase; in addition, an arterial catheter was 
advanced up to the aortic root and placed near the 
valve to mark its position. Transeptal puncture was 
performed from the right femoral vein using the stan- 
dard technique; once in the left atrium, a flow-direct- 
ed catheter was introduced through the Mullins sheet. 
Then, 1 mg/kg of heparin was administered intrave- 
nously. Mitral valvuloplasty was performed using the 
transarterial retrograde technique described by Babic 
et al’ in 260 patients; in the remaining 40 patients we 
used an Inoue balloon catheter.! 

Eight patients developed cardiac tamponade dur- 
ing the procedure (Table I). In all of them the hemo- 
dynamic picture of cardiac tamponade (Figure 1) co- 
incided witha still heart shadow without pulsations at 
fluoroscopy. Then, pericardiocentesis was performed. 
Echocardiographic confirmation of the pericardial ef- 
fusion was obtained in 5 patients. Fluid was adminis- 
tered intravenously and heparin neutralized as soon 
as the balloon catheter and guidewire were removed. 
Inall cases a large lumen-straight polyethylene cath- 
eter with spiral side holes (Mansfield pericardiocen- 


Technical Aspects and Outcome 


Balloon Diam. Perforation 


Site Time Treatment Outcome 


Right atrium AfterBI PD& 
subxiphoid 
window 

Right atrium After BI PD 

Right atrium Before BI PD 

Right atrium AfterBl PD 

Left ventricle Before BI PD, sternotomy 

& CPB 

Left ventricle Before BI PD 

Right atrium After BI PD 

Left atrium Before Bl 


Asymptomatic (23 mos) 


Asymptomatic (12 mos) 
Asymptomatic (7 mos) 
Asymptomatic (3 mos) 
Died after surgery 


Died in laboratory 

Asymptomatic (12 mos) 

PD, sternotomy + Asymptomatic (3 mos) 
CPB 


AF = atrial fibrillation; BI = balloon inflation; CPB = cardiopulmonary bypass; Diam. = diameter; LA = left atrium; PD = pericardial drainage; RA = right atrium. 
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tesis kit) was percutaneously inserted into the pericar- 
dium. 

In 5 patients (62%), the perforation occurred at the 
time of the transeptal puncture at the right atrial 
level, as suggested by the same oxygen content in 
blood samples obtained simultaneously from the 
right atrium and pericardial space. In 1 patient, tam- 
ponade occurred after heparin administration and af- 
ter transeptal puncture; in 4 others it happened imme- 
diately after balloon dilatation. In the first patient a 
pericardial drainage was implanted before balloon 
insertion and, once stabilized, we decided to proceed 


FIGURE 1. Simultaneous left atrial (LA), 
pulmonary artery (PA) and left ventricular 
(LV) pressure recording, before (PRE) and 
after (POST) valvuloplasty. Middle, hemo- 
dynamic picture of tamponade: systemic 
hypotension, equalization of all diastolic 
pressures and loss of protodiastolic dip in 
left ventricular pressure. 





FIGURE 2. Angiography after cardiac perforation in order to 





and MBV was successfully accomplished. Three of 
the 5 patients with right atrial perforation left the 
laboratory in stable condition without needing further 
treatment. One patient required respiratory assistance 


for a few hours, and the last one had a recurrent 


tamponade 4 hours after the procedure, which was 
treated surgically with a subxiphoid pericardial win- 
dow. 

A left atrial perforation (Figure 2A), identified by 
angiography, occurred in I patient with a small left 
atrium who had a low septal puncture; perforation 
was induced when passing the Inoue dilator and bal- 








Teh 





a 


> the bleeding site. (A), at the left atrium (4-chamber view), 


(B), at the left ventricle (30° right anterior oblique projection). The contrast material opacifies the pericardial space (white ar- 


rows). D = pericardial drainage catheter. 
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TABLE II Previously Reported Experience 


Related 
Mortality 


No. of 


Pts. Tamponade (%) 





Vahanian3 


Nobuyoshi* 106 2 (1.8) 0 
Rocha? 80 3 (3.7) -— 
Herrmann10 74 7 (9.4) 2 (2.7%) 
Ruiz?! 285 14 (4.9)* 2 (0.7%) 
Inoue!2 527 8 (1.5) 0 

Our series 300 8 (2.6) 2 (0.7%) 


*Nine traumatic pericardial effusions during transeptal catheterization and 5 
ventricular perforations. 


loon catheter. As in the previously described patient, 
we needed to insert a fast pericardial drainage that 
provided transient hemodynamic stability and al- 
lowed completion of MBV. This patient had high 
bleeding rate (>100 ml/min). A blood transfusion was 
begun; besides this, we needed to reinject all the blood 
drained from the pericardial space through a 9Fr 
sheet inserted in the left femoral vein. With this treat- 
ment a stable hemodynamic condition was maintained 
for about 30 minutes while the operating room was 
being prepared. In the mean time, we inserted two 
18Fr cannulas (Bard, Inc.) percutaneously into the 
right femoral vein up to the right atrium and through 
the left femoral artery up to the aortic bifurcation. 
This allowed the surgical team to start extracorporeal 
bypass through the femoral cannulas immediately af- 
ter arrival at the operating room. On open-chest in- 
spection, a 1- to 2-cm tear was found at the floor of 
the left atrium near the inferior right pulmonary vein. 
The bleeding was resolved by direct suture. Then bal- 
loon commissurotomy was anatomically evaluated, 
we could observe a complete bicommissural opening 
and valve competence. No further intervention was 
required and the patient did well. 

Perforation occurred in the left ventricle in 2 pa- 
tients treated with the Babic technique. In both, tam- 
ponade developed during balloon catheter manipula- 
tions when attempting to make a loop from the left 
ventricle to the left atrium. The first patient had sud- 
den hypotension with extreme bradycardia requiring 
tracheal intubation and external cardiac massage; a 
pericardial drainage was immediately inserted and 
the hemodynamic situation stabilized. Blood transfu- 
sion and autohemoperfusion were performed as previ- 
ously described. Systolic blood pressure was main- 
tained at >80 to 90 mm Hg for about 30 minutes and 
a left ventriculography was performed before trans- 
ferring the patient to the operating room (Figure 2B) 
in order to locate the bleeding site. However, the pa- 
tient’s general condition kept deteriorating while be- 
ing transferred to surgery. The operation started with 
the patient in very poor condition. The surgical find- 


ings revealed a 2-cm rupture at the apex of the left 
ventricle, which was repaired, but all recovery maneu- 
vers were unsuccessful. In the second patient, tampon- 
ade was untreatable and the patient died unresponsive 
to all reviving maneuvers. 

In the 6 survivors, the mitral area changed from 
0.98 + 0.2 to 2.4 + 0.8 cm? after MBV without signifi- 
cant mitral regurgitation. All 6 continue to be in func- 
tional class I to II 10 + 7 months later. 

The incidence of tamponade during MBV varies be- 
tween | and 9%3-4,9-!2 (Table II). Although it seems to 
depend on the operator’s experience, sooner or later this 
complication can occur in the catheterization laboratory, 
and, as in other kinds of complications, !? the valvuloplas- 
ty team must be prepared to recognize and treat it 
promptly. Hemopericardium can be caused by transeptal 
catheterization or by guidewire or balloon catheter ma- 
nipulations. The rate of bleeding into the pericardial 
space is variable and could depend on the size of the 
rupture, the site of perforation, the coagulability of the 
blood or the abrupt pressure changes during inflation 
procedures. 

In our series, 5 patients had perforation of the right 
atrium during the transeptal puncture; however, the clin- 
ical picture of tamponade did not occur immediately but 
some time afterwards (after heparin administration in | 
patient, and after balloon inflation in the remaining 4). 
Dramatic elevation of left atrial pressure occurs during 
systemic intracardiac occlusion, which is transmitted in 
retrograde manner to the pulmonary artery and right 
chambers!4; this could facilitate the bleeding of a previ- 
ously torn atrial wall. In these patients, the percutaneous 
insertion of a pericardial drainage and administration of 
protamine is generally enough to resolve the problem, 
and patients usually stop bleeding within a few hours. 
Occasionally, bleeding can recur, as it did in 1 of our 
patients; thus, a close monitoring of blood pressure, fluid 
drainage, as well as serial echocardiograms, are recom- 
mended. 

Other forms of perforation, different from those in- 
duced by the transeptal catheter, can also occur. The 
guidewires, septal dilators or balloon catheters can pro- 
duce more severe lacerations of the cardiac walls, and 
generally bring about faster hemodynamic deterioration. 
In this type of perforation, tamponade occurs immediate- 
ly after a wrong maneuver. Pericardial drainage, fluid 
administration and autohemoperfusion are needed while 
waiting for an emergency surgical repair. In these pa- 
tients, new advances in percutaneous cardiac support!> 
may be helpful in maintaining hemodynamic condition 
until surgery is performed. 

In conclusion, tamponade can complicate MBV, and 
occasionally it can be treated successfully without sur- 
gery. However, other patients need continuous drainage 
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and autohemoperfusion to maintain systemic pressure 
within acceptable levels, and most of them require emer- 
gency surgery. Results of emergency operation mainly 
depend on the patient’s condition on arrival at the operat- 
ing room. 
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Effects of Abstinence on Alcoholic Heart Muscle Disease 
Ashok J. Jacob, MRCP, Kathryn M. McLaren, MRC Path, and Nicholas A. Boon, MD 


bout 1% of chronic alcoholics develop cardiac 
failure,' a condition best referred to as “‘alcohol- 
ic heart muscle disease,” and there is anecdotal 
evidence that this can be reversed with abstinence.2~4 
Unfortunately, most attempts to demonstrate this have 
been flawed by the failure to establish conclusively that 
alcohol ingestion is the sole cause of ventricular dysfunc- 
tion. Our aim therefore in this prospective study was to 
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establish the diagnosis of alcoholic heart muscle disease 
in a group of patients, having attempted to exclude isch- 
emic heart disease and myocarditis using coronary angi- 
ography and right ventricular endomyocardial biopsy, 
respectively, and then document its natural history after 
abstinence from alcohol. 

Six patients with a background of chronic alcohol 
abuse and concomitant heart failure were studied pro- 
spectively (Table I). A full history and examination 
were performed together with electrocardiography 
and chest x-ray. Blood was drawn for anal ysis of 
renal and hepatic function as well as haematologic 
indexes. A Hewlett Packard Sonos 1000 ultrasound 
machine with a 2.5-MHz probe was employed for the 


TABLE I Patient Characteristics 
CTR Ejection Fraction 


yGT 
(U/liter) 


Age Alcohol Intake 
(U/week)* 


MCV (fl) 





*1 unit = 0.5 pint of beer or 1 measure of spirits. 
CTR = cardiothoracic ratio; yGT = gamma glutamyl transferase; MCV = mean corpuscular volume. 
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purpose of excluding valvular heart disease and mak- 
ing a qualitative assessment of left ventricular func- 
tion. Coronary angiography was undertaken to ex- 
clude ischemic heart disease. 

Up to 5 right ventricular biopsy specimens were 
obtained from each patient using Cordis biopsy for- 
ceps through a 7Fr sheath inserted through the right 
femoral vein. Samples were obtained from the right 
ventricular side of the interventricular septum and 
submitted for light and electron microscopy. 

The patients underwent serial radionuclide ven- 
triculography over a period of up to 32 months using 
technetium-99m-labeled human serum albumin. Left 
ventricular ejection fraction (EF) was calculated 
from: EF = (EDC — ESC)/EDC, where EDC and 
ESC represent the background-corrected counts from 
the left ventricle at end-diastole and end-systole, re- 
spectively. 

Three of the 6 patients abstained and their left 
ventricular ejection fractions increased significantly 
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FIGURE 1. Left ventricular function in abstainers and nonab- 
stainers. 


(mean 16.7 + 0.6% to 46.0 + 4.4%, p <0.01 [16 to 
48%, 17 to 41%, and 17 to 49%, respectively, Figure 
1]). There were significant accompanying reductions 
in the cardiothoracic ratio on their chest x-rays (mean 
0.57 + 0.03 to 0.45 + 0.03, p <0.02; 0.55 to 0.43, 0.55 
to 0.48, and 0.61 to 0.43, respectively; Figure 2). The 3 
patients who continued to drink had no significant 
improvement in left ventricular ejection fraction over 
a similar period of time (mean 30.0 + 11.4% to 30.7 + 
11.6% [p = not significant], 25 to 23%, 43 to 44%, and 
22 to 25%, respectively; Figure 1). Similarly, their 
cardiothoracic ratios remained essentially unchanged 
(mean 0.53 + 0.04 to 0.52 + 0.05 [p = not significant}, 
0.53 to 0.57, 0.49 to 0.47, and 0.56 to 0.53, respective- 
ly; Figure 2). 

The contribution of alcohol to heart disease was first 
recognized in 1855.5 More recently, the study by Ur- 
bano-Marquez et alf showed a direct correlation between 
alcohol consumption and left ventricular dysfunction. 
Human,?47 animal and in vitro? studies have con- 
firmed that alcohol can damage heart muscle. 
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FIGURE 2. Heart size in abstainers and nonabstainers. 
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The mechanisms underlying such damage have not 
been established. Concomitant factors including vitamin 
deficiencies, hypertension and associated behavior such 
as drug abuse and cigarette smoking may be relevant. 
Both alcohol and its acetaldehyde and fatty acid ethyl 
ester metabolites can damage cardiac muscle directly.9:10 
Individual sensitivity to alcohol may be derived from 
hereditary factors and malnutrition, possibly involving 
established relations between alcohol, nutrition and the 
immune system.!! Men appear to be more prone than 
women to the cardiotoxic effects of alcohol,!? an observa- 
tion borne out by our own series. 

Until now, the evidence that heart failure due to 
alcohol is reversible has been based on case reports? and 
series’ that have often failed to establish alcohol as the 
sole cause of left ventricular dysfunction, Some groups* 
have not used coronary angiography in all their patients 
to exclude ischemic heart disease (a serious drawback 
given that ischemic heart disease is often found in alco- 
holics'). In at least 1 report, patients with known coro- 
nary artery disease and hypertension were actually in- 
cluded in the alcoholic heart muscle disease group.’ 
Similarly, no investigators have consistently performed 
endomyocardial biopsy to exclude specific heart muscle 
disorders. The endomyocardial biopsy findings in alco- 
holic heart muscle disease are not pathognomonic, but 
the presence of fatty degeneration, myocyte hypertrophy 
and necrosis, and interstitial fibrosis are consistent with 
the diagnosis.'4 In this series, there was no histologic 
evidence of myocarditis and only nonspecific features 
were found. 

Diagnostic shortcomings probably explain the confu- 
sion in published reports regarding the natural history of 
alcoholic heart muscle disease and the scattered reports 
of failure to improve after abstinence from alcohol.3:7 We 


believe that our series has helped to define the natural 
history of alcoholic heart muscle disease and show con- 
clusively that it is a reversible condition. Patients with this 
disorder should therefore be encouraged and helped to 
abstain from alcohol. 
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Intraoperative Balloon Valvuloplasty for Critical Aortic Valvular 


Stenosis in Neonates 


Steven R. Neish, MD, Martin P. O'Laughlin, MD, Michael R. Nihill, MD, David A. Ott, MD, 


and Denton A. Cooley, MD 


ritical aortic stenosis (AS) in the neonate repre- 
sents a particularly severe form of AS where 
normal compensatory mechanisms are unable 
to maintain homeostasis, even at rest. Critical AS may be 
defined as aortic valve stenosis with congestive heart 
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failure and signs of decreased systemic cardiac output.! 
When patients present in infancy with aortic valve steno- 
sis and congestive heart failure, medical management is 
frequently unsuccessful. Various surgical procedures us- 
ing both open and closed heart techniques have been 
attempted to relieve critical AS in infancy.2-7 Percutane- 
ous transluminal balloon valvuloplasty has been per- 
formed in patients with critical AS in infancy.’ This 
procedure is technically difficult and at times impossible. 
The use of balloon valvuloplasty in the operating room 
has been described for the treatment of AS.®? The tech- 
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nical aspects of intraoperative balloon valvuloplasty and 
the range of application are still being investigated. Re- 
ported complications include severe aortic regurgitation 
and disruption of an aortic valve cusp. This report de- 
scribes the use of intraoperative balloon valvuloplasty in 4 
neonates who presented with critical AS in the first week 
of life. 

Four patients presented in the first 24 hours of life 
with symptoms due to critical AS. The initial sign in 
each patient was respiratory distress. Three patients 
were cyanotic and a systolic ejection murmur was 
heard in all 4. An ejection click was noted in only 1 
patient. Each patient had signs of congestive heart 
failure. Three patients required inotropic support 
with dopamine or dobutamine before valvuloplasty. 

The diagnosis of aortic valve stenosis was con- 
firmed by 2-dimensional and Doppler echocardiogra- 





FIGURE VA ventricular angiogram demonstrating thick- 
ened, doming aortic valve with small orifice. 
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FIGURE 1. Parasternal long-axis echocar- 
diogram demonstrating left ventricular hy- 
pertrophy and dilation, thickened aortic 
valve, and poststenotic dilation of ascend- 
ing aorta (AO). LA = left atrium; LV = left 
ventricle; RV = right ventricle. 


phy. Each patient had a thickened aortic valve with 
abnormal valve movement and left ventricular hyper- 
trophy (Figure 1). The ascending aorta was dilated. 
Two patients had left ventricular dilation with de- 
creased left ventricular shortening fraction. The di- 
ameter of the aortic anulus was measured by 2- 
dimensional echocardiography. The peak velocity 
across the aortic valve was measured by Doppler 
echocardiography. The velocity was increased and the 
flow was turbulent in all patients. The peak velocity 
was 4.5 m/s in the first patient, 5.5 m/s in the second, 
3.5 m/s in the third and 23.0 m/s in the fourth. The 
third patient had the most depressed ventricular func- 
tion before valvuloplasty. 

Cardiac catheterization was performed in the first 
2 patients. A thickened, doming, stenotic aortic valve 
was demonstrated during catheterization (Figure 2). 
There was ventricular hypertrophy and poststenotic 
dilation of the ascending aorta. Percutaneous balloon 
aortic valvuloplasty was attempted in both patients. It 





FIGURE 3. Technique for transventricular balloon valvuloplas 
ty. Left, balloon is introduced through stab wound in left ven- 
tricular apex. Right, balloon is positioned across aortic valve 
anulus and inflated. 
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was impossible to cross the aortic valve with a guide- 
wire from the aorta into the left ventricle in either 
patient. Therefore, balloon valvuloplasty could not be 
performed in the usual retrograde manner. In | pa- 
tient, a guidewire was advanced from the femoral vein 
across the atrial septum into the left ventricle and 
across the aortic valve. However, it was impossible to 
manipulate the valvuloplasty catheter across the aor- 
tic valve. 

Each patient was taken to the operating room for 
valvuloplasty in the first week of life. The heart was 
exposed through a midline sternotomy. Neither car- 
diopulmonary bypass nor venous inflow occlusion was 
performed. A purse-string suture was placed in the 
anterior apical surface of the left ventricle (Figure 3). 
A stab wound was made in the left ventricle inside the 
area circumscribed by the purse-string suture. A con- 
ventional angioplasty balloon, with a diameter 1 to 2 
mm larger than the aortic valve anulus as measured 
during the preoperative echocardiogram, was chosen 
for valvuloplasty. The balloon catheter was inserted 
into the ventricle and advanced across the aortic valve. 
Proper position of the balloon catheter was confirmed 
by the surgeon by palpation at and above the aortic 
valve anulus. The balloon was inflated to the maxi- 
mal recommended pressure 2 to 4 times for 3 to 6 
seconds per inflation. The angioplasty balloon was 
removed and the ventriculotomy was repaired. 

After valvuloplasty and initial stabilization, echo- 
cardiography was repeated. Table I compares the 
peak velocity before valvuloplasty with that after val- 
vuloplasty. The peak velocities after valvuloplasty 
were between 1.5 and 2.7 m/s. 

In the operating room, 2 patients had ventricular 
fibrillation requiring electrical defibrillation. Another 
patient had no intraoperative arrhythmias, but had 
several episodes of nonsustained ventricular tachycar- 
dia postoperatively and was treated successfully with 
mexilitene. 

Each patient had mild aortic regurgitation detect- 
ed by Doppler echocardiography after valvuloplasty, 
although only 1 patient had aortic regurgitation by 
auscultation during the early postoperative period. 
Each patient had clinical improvement after surgery 
with improved peripheral perfusion and decreased 
respiratory distress. Three patients continued to have 
signs and symptoms of mild congestive heart failure. 
One patient was discharged from the hospital receiv- 
ing digoxin, and 2 were discharged receiving digoxin 
and diuretics for the treatment of congestive heart 
failure. The fourth patient was discharged receiving 
no medications. 

The patients have been followed for 2 to 18 months 
after valvuloplasty. In the first patient, who had ven- 
tricular tachycardia during the early postoperative 





TABLE I Peak Velocity Measured by Continuous-Wave Doppler 
at the Aortic Valve 







Peak Velocity (m/s) 
Se ay ENET 
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Valvuloplasty Valvuloplasty 



















period, mexilitene was stopped after 5 months and 
digoxin was discontinued after 6 months. This patient 
is asymptomatic 18 months after valvuloplasty, has 
mild AS and no aortic regurgitation by physical ex- 
amination, and has mild aortic regurgitation by 
Doppler echocardiography. The second patient had 
persistent signs and symptoms of congestive heart 
failure, and continued to require digoxin and diuret- 
ics. Thirteen months after valvuloplasty, this patient 
developed endocarditis and progressive aortic regur- 
gitation, and died. Before death, the patient had mild 
AS by physical examination and echocardiography. 
The third patient is asymptomatic 12 months after 
valvuloplasty. This patient continues to be treated 
with digoxin and furosemide, has no aortic regurgita- 
tion by physical examination, and has moderate AS 
and mild aortic regurgitation by Doppler echocar- 
diography. The fourth patient is asymptomatic 2 
months after valvuloplasty and is receiving no medi- 
cations. This patient has no aortic regurgitation by 
physical examination, and has moderate AS and mild 
aortic regurgitation by Doppler echocardiography. 
None of the 4 patients has any echocardiographic 
evidence of left ventricular aneurysm formation at the 
site of the repaired stab wound in the left ventricle. 

Intraoperative balloon valvuloplasty was feasible even 
when percutaneous balloon valvuloplasty was impossible. 
The obstruction was relieved by balloon valvuloplasty 
and only mild aortic regurgitation was created. This is 
different from the results reported by Phillips et al.? They 
reported 4 cases of severe valve damage and regurgita- 
tion after operative balloon dilation. They used angio- 
plasty balloons up to 8 mm larger in diameter than the 
aortic valve anulus as measured during necropsy. Our 
technique differed in that we used angioplasty balloons 
that were only | to 2 mm larger than the estimated valve 
anulus diameter as measured during preoperative echo- 
cardiography. This allowed adequate relief of stenosis 
with an acceptable degree of aortic regurgitation. 

The forces used to open the stenotic orifice are applied 
in a radial fashion during balloon valvuloplasty. Theoret- 
ically, this will result in less valve disruption than a Hegar 
dilator that applies force to the valve in a linear fashion. 
The balloon catheter can be placed precisely across the 
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aortic valve when the chest is open, and the movement of 
the balloon catheter during dilation in relation to the 
aortic valve anulus can be minimized by the surgeon. 
This is an advantage when compared with percutaneous 
transluminal balloon valvuloplasty where catheter move- 
ment during balloon inflation can introduce a potential 
source of valve damage.!° 


Another complication of percutaneous valvuloplasty 
that is avoided with the operative technique is damage to 
the femoral arteries during cardiac catheterization. The 
potential for damage to the femoral vessels is highest in 
newborns in whom the vessel caliber is particularly small. 
This is important because any treatment of severe AS in 
the neonate can only be viewed as a temporary palliation. 
Femoral artery occlusion makes cardiac catheterization 
or percutaneous balloon valvuloplasty, or both, more dif- 
ficult as a subsequent procedure when further interven- 
tion is required at a later age. 

Cardiopulmonary bypass, hypothermia and systemic 
venous inflow occlusion are avoided with this method. 
Operative time is minimal, and relief of the stenosis is 
prompt. Intraoperative balloon valvuloplasty should be 


considered as one of the options for the initial treatment 
of neonates with critical AS. 
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Still’s-Like Innocent Murmur Can be Produced by Increasing Aortic 


Velocity to a Threshold Value 


Scott E. Klewer, MD, Richard L. Donnerstein, MD, and Stanley J. Goldberg, MD 


till’s murmur is a musical or vibratory systolic 

ejection murmur found in many normal school- 

aged children and adolescents. Its origin has been 
attributed to vibration of a cardiac structure during ven- 
tricular contraction, turbulent blood flow, or pressure 
changes across normal valves.! We previously related 
Still’s murmur to a small ascending aorta with concomi- 
tant high aortic velocity.? Functional murmurs are ac- 
centuated in high cardiac output states such as fever, 
exercise and anemia. Dobutamine, a 6; agonist with 
primarily inotropic action at low doses, allows study of 
high cardiac output states. We investigated whether do- 
butamine infusion could produce a Still’s-like murmur in 
subjects without murmurs at rest and evaluated those 
factors correlating best with murmur presence. 
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The study group consisted of 12 normal children 
and young adults (3 female, 9 male) aged 10 to 22 
years (mean age + standard deviation 18 + 4) without 
audible murmurs at rest or evidence of cardiac abnor- 
malities by history or examination. Subjects gave con- 
sent according to an approved human subjects proto- 
col. Age, height and weight were recorded for each 
subject and body surface area calculated. Heart rate 
and blood pressure were measured at baseline and ai 
5-minute intervals throughout the study. A continu- 
ous rhythm strip was monitored. Continuous dobuta- 
mine infusions of 0.5, 2.5 and 5.0 ug/kg/min were 
delivered through a peripheral venous catheter. Eacl 
infusion was delivered for 15 minutes to attain steady- 
state dobutamine concentrations before echocardio: 
graphic and auscultatory examination. Two indepen 
dent examiners assessed the presence or absence of 
Still’s-like murmur by auscultation immediately be 
fore each echocardiographic examination. A Still's 
like murmur was defined as a low-pitched vibrator: 
systolic ejection murmur of grade 21/VI intensit, 
heard loudest in the midprecordium near the left ster 
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TABLE II Results of Statistical Analysis 


Height Weight 
(cm) (kg) 


Ao. vel. r=0.49 
Re. # r= 0.42 


*p <0.01. 

Linear regression analysis of murmur threshold peak ascending aortic velocity and 
peak aortic Reynold's number versus standard measurements. Ao. vel. = peak 
ascending aortic velocity; BSA = body surface area ; r = correlation coefficient for each 
regression analysis; Re. # = peak ascending aortic Reynold’s number, 


Reynolds 
Number 





murmur threshold values; Wt. = weight. 


nal border. After completing Doppler-echo studies, 
the dobutamine infusion rate was increased and this 
procedure repeated at the higher infusion rates. 

Subjects were imaged with a Biosound ND256-8 
(Biosound Inc., Indianapolis, Indiana) echocardio- 
graphic system. Pulsed Doppler velocities in the as- 
cending aorta were obtained from the suprasternal 
notch using a 25° off-axis 3.5-MHz transducer. Aor- 
tic root diameter and peak and mean ascending aortic 
velocities were measured, and indexed cardiac out- 
put,’ indexed stroke volume (indexed cardiac out- 
put/heart rate) and peak aortic Reynold’s numbers 
(peak velocity X diameter/0.038 cm?/s)* were com- 
puted. 

A clearly audible grade I to IHI/VI vibratory 
Still’s-like murmur was induced in all 12 subjects 
during dobutamine infusion. No abnormal velocities, 
valve gradients or structural aberrations were noted 
during dobutamine infusion. No audible murmur was 
present in any subject when reexamined 15 to 20 min- 
utes after discontinuation of dobutamine infusion. 
Data obtained during the lowest dose of dobutamine 
infusion producing an audible Still’s-like murmur 
were defined as murmur threshold values. Ultrasonic 
measurements were obtained independently of aus- 
cultatory findings. Anonymity of measurements was 
further assured by batch processing and analysis of 
the echocardiographic data. 

Paired t tests were used to detect differences be- 
tween baseline and murmur threshold values of heart 
rate, blood pressure, peak and mean aortic velocity, 
peak aortic Reynold’s number, and indexed cardiac 
output and stroke volumes. Linear regression anal ysis 
was used to evaluate murmur threshold values with 
respect to age, height, weight and body surface area. 
Peak ascending aortic velocity was significantly in- 
creased at murmur threshold when compared with 
both baseline and the last dobutamine infusion level 
that did not produce a murmur (140+ 17 vs 106 + 15 
and 116 + 28 cm/s, respectively, p <0.01). Baseline 
and murmur threshold data are summarized in Table 
I. Linear regression analysis showed both peak aortic 
velocity and peak aortic Reynold’s number at mur- 
mur threshold to be related to height, weight and body 


(ml/beat/min) 


SVI 


Col 
(I/min/m2) 


Mean Aortic 
mean blood pressure; SD = standard deviation; SVI = stroke volume index; T 


So 
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heart rate; Ht. = height; MBP 


c output index; Diam. = diameter; HR 


p <0.01;t p <0.05. 


ur threshold data: * 
= cardia 


body surface area; COI 


Individual and mean baseline and murm 


TABLE I Individual Patient Data 
B = baseline values; BSA 
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surface area (Table IT). Results of peak aortic veloci- 
ty and peak Reynold’s number plotted against body 
surface area are shown in Figure 1. Mean percent 
velocity spread of ascending aortic flow at baseline 
was 34 + 8 and 33 + 10% at murmur threshold. 


The most important finding in this study was that an 
audible vibratory Still’s-like murmur could be produced 
in each subject. Baseline and murmur threshold data 
were compared for each subject; therefore, cardiac anat- 
omy was not a variable in this study. Schwartz et al? 
reported that subjects with Still’s murmur and normal 
cardiac output had smaller aortic diameters than control 
subjects without murmurs, and thus higher aortic veloci- 
ties. In the study of Schwartz et al,” age and mean body 
surface area were significantly less in the murmur group 
than the nonmurmur group. Our hemodynamic data are 
consistent with these earlier findings. Resting peak as- 
cending aortic velocities in subjects without murmurs 
were similar in the 2 studies (106 + 15 vs 107 + 19 
cm/s). Mean threshold peak ascending aortic velocity in 
our study is similar to mean peak ascending aortic veloci- 
ty of the murmur group in Schwartz’s study (140 + 17 vs 
133 + 27 cm/s). 

Multiple etiologies have been proposed to explain the 
origin of Still’s murmurs. Frequency contents of heart 
murmurs are related to jet velocity’ and it is possible that 
increased ascending aortic velocity raises murmur ampli- 
tude or frequency resulting in either greater murmur 
transmission or increased murmur frequency into the 
audible range. False tendons are speculated to be a cause 


FIGURE 1. Murmur threshold peak as- 
cending aortic velocity and peak Reynolds 
number in ascending aorta versus body 
surface area. Open circles indicate indi- 
vidual peak aortic velocities. Open 
squares indicate individual peak Reynolds 
numbers in ascending aorta. 


of Still’s murmur.2> No subject in our study had a false 
tendon imaged by echocardiography. 

Study limitations included use of a graded dobuta- 
mine infusion that caused incremental rather than con- 
tinuous increases in hemodynamic measurements. Thus 
our murmur threshold values may overestimate rea 
threshold values. Another possible source of error wa: 
auscultatory evidence of a murmur. Two independent 
examiners agreed on presence of murmurs in each sub: 
ject, but did differ minimally in grading murmur ampli 
tude in some cases. 

In summary, using dobutamine stress echocardiogra 
phy, we found that a Still’s-like murmur could be pro 
duced in normal subjects. Hemodynamic values associ 
ated with an audible Still’s-like murmur correlate bes 
with body surface area. Body surface area and aorti 
velocity influence the production of Still’s-like murmur 
audible from the precordium and may help explain wh 
Still’s murmur is seen most often in younger childrer 
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Increased Lipid Peroxidation In Cyclosporin-Treated Heart 


Transplant Recipients 


Yves Chancerelle, PhD, Michel de Lorgeril, MD, Roseline Viret, BSc, Benoit Chiron, BSc, 
Georges Dureau, MD, Serge Renaud, PhD, and Jean-François Kergonou, PhD 


ccelerated coronary artery disease has emerged 
A as the major limiting factor for long-term suc- 

cess of heart transplantation, and traditional risk 
factors have not been etiologically important.! Lipid per- 
oxides have been implicated in the initiation of athero- 
genesis.* Although the sequence of molecular and cellu- 
lar changes in this process has not been elucidated, it has 
been proposed that chemically reactive lipids released 
during lipid peroxidation modify: (1) membrane constit- 
uents inducing potentially thrombotic platelet disorders’; 
and (2) circulating lipoprotein, thus altering clearance 
and intraarterial deposition of lipoprotein-derived choles- 
terol.4 Malondialdehyde (MDA) is one product of lipid 
peroxidation. Reaction of MDA with a critical number 
of lysine residues results in formation of 1-amino-3-imin- 
opropene bridges, and protein breakdown. The portion of 
the proteins that are shed into the plasma are called 
Schiff bases and can be quantitated by fluorescence mea- 
surements.° Studies in vitro or in animal model of athero- 
sclerosis have implicated MDA modification of lipopro- 
teins as potential mechanisms of atherogenesis.* Wheth- 
er modification of protein by MDA or other lipid 
peroxides occurs in vivo in humans has yet to be demon- 
strated. One approach to resolve this issue is through 
identification of plasma antibody directed against modi- 
fied proteins. Recent studies have shown that normal 
human serum contains immunoglobulins with antibody- 
like specificity for MDA-modified proteins.®’ This was 
the direct evidence of an in vivo protein modification 
resulting from lipid peroxidation. Thus, an ELISA tech- 
nique able to quantitate these immunoglobulins was de- 
veloped.® In the present study, we have examined indica- 
tors of in vivo lipid peroxidation to assess the possibility of 
it increasing in accelerated coronary atherosclerosis oc- 
curring in patients after transplantation compared with 
patients with coronary artery disease without transplan- 
tation. 

Twenty-five consecutive heart transplant recipi- 
ents (2 women, 23 men; mean age 53 years [range 18 to 
68]) were evaluated during a routine visit to the clinic 
of the research unit and compared with 27 consecutive 
patients with coronary artery disease without trans- 
plants (4 women, 23 men; mean age 52 years [range 22 
to 64]). Patients with coronary artery disease were 
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recruited during the same period of the transplanted 
patient recruitment and within 3 to 6 months after a 
first documented myocardial infarction. In all trans- 
planted patients, immunosuppression consisted of cy- 
closporin, azathioprine and prednisone. All patients 
were clinically stable and gave their informed consent 
to participate in this study. Venous blood samples 
were obtained from each patient in a fasting state 
between 9 and 10 A.M. Samples were obtained with- 
out venous occlusion into Vacutainer tubes (to which 
anticoagulant was not added) for lipid determinations 
and into dry tubes for lipoperoxide determinations. 
These last tubes were kept at 4°C for 2 hours and then 
centrifuged at 3,000 rpm for 10 minutes. Serum was 
thereafter stored at —80°C until analysis. Total cho- 
lesterol and triglyceride levels were measured by en- 
zymatic techniques (Bio-Merieux, Lyon, France); 
high-density lipoprotein cholesterol was determined 
by the dextran sulfate-magnesium precipitation pro- 
cedure and low-density lipoprotein cholesterol was 
calculated from the Friedwald formula. Apoproteins 
B100 and A1 and lipoprotein (a) were determined by 
the immunonephelometric method (Behring Labora- 
tory, Marburg, Germany) and radial immunodiffu- 
sion (Immuno Diagnostika), respectively. Lipid per- 
oxidation was assessed by measurements of thiobar- 
bituric-acid-reactive material. Results are expressed 
as umoles of MDA per liter. Schiff bases were evalu- 
ated by fluorescence measurements, as described by 
Tsuchida et al,? with a Jobin- Yvon JY3CS spectroflu- 
orimeter with excitation and emission wavelength of 
400 and 466 nm, respectively. Variations of the fluo- 
rimeter were controlled using a pooled serum. Results 
are expressed as fluorescent relative intensity. All 
samples were assayed in duplicate. Quantitation of 
seric immunoglobulins with antibody-like specificity 


TABLE I Lipid, Lipoprotein and Apoprotein Values in the 
Two Groups 


Triglyceride (mmol/L) 
Total cholesterol (mmol/L) 
HDL cholesterol (mmol/L) 
LDL cholesterol (mmol/L) 
Apoprotein B100 (g/L) 
Apoprotein A | (g/L) 
Lipoprotein (a) (g/L) 


HTR Patients 


1.90 + 0.20 
6.80 + 0.30 
1.40 + 0.08 
4.70 + 0.20 
1.40 + 0.08 
1.13 + 0.04 
0.29 + 0.07 


Values are mean + standard error of the mean. 


CAD = coronary artery disease patients without transplant; HDL = high-density 


CAD Patients 


2.10 + 0.20 
6.60 + 0.20 
1.30 + 0.05 
4.50 + 0.20 
1.30 + 0.06 
1.15 + 0.04 
0.25 + 0.06 


lipoprotein; HTR = heart transplant recipients; LDL = low-density lipoprotein. 
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TABLE II Malondialdehyde (MDA), Schiff's Bases and 
Immunoglobulins with Antibody-Like Specificity for 
MDA-Modified Proteins (lg-MDA-NHz2) in the 

Two Groups of Patients 


HTR Patients CAD Patients 


MDA (M/L) 
Schiff bases (RFI) 279 = 12% 
Ig-MDA-NH2 (OD 103) 438 + 22* 
*p <0.01. Values are mean + standard error of the mean. 


CAD = coronary artery disease patients without transplant; HTR = laaie ea: 
recipients; OD = optical density unit; RFI = fluorescence intensity unit. 


3.09 + 0.15 3.08 + 0.15 


230 = F 
320+ 18 


for MDA-modified protein (Ig-MDA-NH?>) was de- 
termined using an enzyme-linked immunosorbent as- 
say as described. Microplate coating was performed 
with 200 uL of 1:100 dilution of a solution of MDA- 
cross-linked lysozyme (prepared and purified as re- 
ported).’ A goat peroxidase-labeled antibody to hu- 
man immunoglobulins Unstitut Pasteur, France) was 
used and results are expressed as the mean of correct- 
ed optical density measured in 4 wells for each tested 
serum. All data are expressed as group mean + stan- 
dard error of the mean. Groups were compared by 
unpaired t test. The effect of continuous parameters 
on lipid peroxides was individually assessed by linear 
regression, and the independent contribution by mul- 
tiple regression analysis. 

Lipid, lipoprotein and apoprotein concentrations in 
both groups are listed in Table I. There was no signifi- 
cant difference between groups. By contrast, serum 
creatinine was higher in transplanted (127 + 5 
nmol/liter) than in nontransplanted (99 + 4, p = 
0.001) patients, whereas blood glucose (5.3 + 0.2 vs 
5.6 + 0.3 nmol/l) was similar. Schiff bases and Ig- 
MDA-NH) were significantly higher (p <0.01) in 


MDA (umoles/L) 
6 mw CAD 
OHTR 


r= + 0.52 
0.0001 








transplanted than in nontransplanted patients, but the 
levels of MDA were similar (Table II). Within the 
nontransplanted group, MDA was correlated posi- 
tively with total cholesterol (r = +0.51, p = 0.007) 
and triglycerides (r = +0.43, p = 0.02). Within the 
transplanted group, MDA was correlated positively 
with total cholesterol (r = +0.55, p = 0.004) but not 
with triglycerides (r = +0.23, p = 0.27). When the 2 
groups were pooled together (Figure l), similar corre- 
lations were found (r = +0.45 and +0.43 for choles- 
terol and triglycerides, respectively, both p = 0.0001). 
In multiple regression analysis, total cholesterol and 
triglycerides accounted for 29% of the variation in 
MDA. Triglycerides were the major source of this 
variation (p = 0.03). Within both groups, Schiff bases 
were not related to lipid levels. Only creatinine was 
found to be positively correlated with Schiff bases in 
the nontransplanted (r = +0.51, p = 0.007) as well as 
the transplanted (r = +0.42, p = 0.03) patients. Cre- 
atinine accounted for 26 and 18%, respectively, of the 
variation in Schiff bases. The result was similar when 
the 2 groups (Figure 2) were pooled together (r = 
+0.56, p = 0.001) and creatinine accounted for 33.5% 
of the variation in Schiff bases. 

Finally, in the nontransplanted group, a positive 
correlation close to being significant (r = +0.27, p = 
0.07) was observed between Ig-MDA-NH> and MDA, 
whereas these same parameters were highly signifi- 
cantly inversely correlated in the transplanted group 
(r = —0.47, p = 0.001). 

The present study shows that there is a higher level of 
Schiff bases and immunoglobulins with antibody-like 
specificity against Schiff bases in patients with heart 
transplants than coronary artery disease patients without 


FIGURE 1. Plot of total choles- 
terol versus 

(MDA) in the 2 groups of pa- 
tients (Y = 0.31X + 0.96). The 
relation is similar to that ob- 
served in patients with 

artery disease (CAD) (Y = 
0.34X + 0.84) and the recipi- 
ents of heart transplants (HTR) 
(Y = 0.30X + 0.99), separately. 


Total cholesterol (mmol/L) 
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transplants. These results suggest that chronic increased 
lipid peroxidation and protein modification actually oc- 
cur in vivo in transplanted cyclosporin-treated patients 
and do not result from in vitro production during blood 
sampling, serum storing or peroxide measurements, or a 
combination. Although the relevance of these findings to 
the accelerated form of coronary disease that develops 
after heart transplantation remains to be elucidated, it 
must be emphasized that MDA-modification of certain 
lipoproteins is thought to be highly atherogenic in animal 
models of atherosclerosis as well as in humans.? In addi- 
tion, accelerated forms of coronary artery disease such as 
unstable angina and saphenous vein coronary artery by- 
pass disease have been clearly related to platelet-throm- 
botic mechanisms.!®!! Oxidative alteration of platelet 
membrane protein has been reported to induce platelet 
hyperaggregability, which is resistant to the inhibitory 
effect of aspirin and other cyclooxygenase inhibitors.? 
Since we have reported a similar association of platelet 
hyperaggregability and aspirin resistance in heart trans- 
plant recipients,'? it is tempting to speculate that oxida- 
tive modification of platelet membrane is a major factor 
initiating rapid and diffuse progression of coronary ath- 
erosclerosis in the grafted heart. Because activated plate- 
lets are a major source of MDA that increase lipoprotein 
oxidation! and because platelets are activated by oxida- 
tively modified lipoproteins,’ such a self-perpetuating vi- 
cious circle, once triggered, could explain at least part of 
the accelerated atherosclerotic process of transplanted 
heart. An example of the association between increased 
lipid peroxidation and diffuse accelerated arterial disease 
can be found in diabetes.'* In addition, nonenzymatic 
glycosylation of proteins is thought to increase the sus- 


Schiff's bases (RFI) 


500 w CAD 


O HTR 


r= + 0.58 
= 


0.0001 


FIGURE 2. Plot of creatinine 
versus Schiff bases when the 2 
groups were pooled together. 
There is a positive relation (Y = 
1.1X + 124) that is similar to 
those obtained in patients with 
coronary artery disease (CAD) 
(Y = 0.8X + 150) and recipients 
of heart transplants (HTR) (Y = 
1.03X + 145), separately. 


ceptibility to free radical-induced protein alteration.!° 
The reason why diabetic patients have increased lipid 
peroxidation and protein modification could also be relat- 
ed to their lower concentrations of ascorbate and vitamin 
E, which are normally protective.'!© Similarly, heart 
transplant recipients have low plasma vitamin E when 
compared with nontransplanted coronary patients (un- 
published observations). In both conditions, the reduc- 
tion in antioxidant reserve remains to be explained. In the 
present investigation, we found strong positive correla- 
tions between serum lipid and MDA levels in both groups 
of patients. This suggests that serum lipids are major 
determinants of MDA levels as measured by the thiobar- 
bituric acid reaction. However, it is generally assumed 
that most of the MDA measured in the thiobarbituric 
acid reaction derives from the breakdown of peroxides 
during the acid-heating stage of the test.!’ The test must 
therefore be considered as a measure of the potential of 
the material to undergo the chain reactions of lipid perox- 
idation rather than the result of chronic in vivo lipid 
peroxidation.!® The negative correlation between MDA 
and Ig-MDA-NH) levels in the group with transplants 
but not in the group without transplants suggests that the 
metabolism of these substances are different in the 2 
groups of patients. Indeed, MDA is an intermediate 
product of lipid peroxidation whose catabolism is partly 
related to protein attachment in a Schiff base-type struc- 
ture with amino groups.’ One pathway by which protein- 
linked MDA is eliminated is by uptake in macrophages 
via the scavenger receptor.!® In contrast to the low-densi- 
ty lipoprotein receptor, the scavenger receptor is not 
regulated by cellular cholesterol, and massive choles- 
terol accumulation occurs in macrophages exposed to 


120 140 


Creatinine (mmol/1) 
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MDA-modified lipoproteins.* Altered proteins are rapid- 
ly cleared from plasma by the monocyte-macrophage 
system including kupffer cells of the liver and other scav- 
enger cells throughout the body.!8 Modification of only 
16% of the peptidyl lysines by MDA results in maximal 
binding and uptake by human monocyte-macrophage. !8 
Recognition, uptake and processing of antigen are be- 
lieved to be essential steps for antibody production during 
immune response. Thus, there is a possibility that clear- 
ance of MDA-modified proteins by the monocyte-mac- 
rophage system and production of antibodies directed 
against MDA protein adducts are 2 connected mecha- 
nisms that account for the negative relation between 
MDA and Ig-MDA-NH)>. The work of Ferns et al!? 
supports this hypothesis by demonstrating that cyclo- 
sporin promotes monocyte activation, entry into intima 
and transformation in macrophages and foam cells in a 
rabbit model of arterial injury. In contrast, Schiff bases 
are stable late products of lipid peroxidation.!’ Although 
they represent only a small fraction of total peroxidation 
products, the direct measurement of Schiff base fluores- 
cence is considered more representative of changes that 
have occurred in vivo.? In the present investigation, 
Schiff bases appear to be positively and strongly correlat- 
ed to creatinine in both groups of patients. Plasma creati- 
nine is considered as an indirect parameter of cyclosporin 
toxicity. As expected, cyclosporin treatment resulted in 
higher creatinine levels in the present study. We thus 
hypothesize that cyclosporin nephrotoxicity, whose mo- 
lecular mechanism is yet unexplained, could result from 
a process that involves oxygen free radicals and increased 
lipid peroxidation. The recent work of Inselmann et al 
supports this hypothesis? by showing that cyclosporin 
causes a time and dose-dependent increase in MDA 
production in renal microsomes. Consequently, antioxi- 
dants could be useful in preventing or minimizing cyclo- 
sporin nephrotoxicity. 

The present study has thus provided the first clinical 
evidence of chronic in vivo increased lipid peroxidation in 
cyclosporin-treated heart transplant recipients, a condi- 
tion associated with accelerated coronary atherosclerosis. 


SET, 
15 5% 
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CASE REPORTS 


Libman-Sacks Endocarditis Mimicking 


intracardiac Tumor 


Alan F. Appelbe, MBBS, David Olson, MD, Ronald Mixon, MD, 
Joseph M. Craver, MD, and Randolph P. Martin, MD 


ibman-Sacks endocarditis is 
l frequently found during au- 
topsy in patients with sys- 
temic lupus erythematosis (SLE). 
The lesions are usually small and 
clinically silent. We describe a young 
patient, admitted with a stroke, in 
whom 2-dimensional echocardiogra- 
phy demonstrated a large mass at- 
tached to the mitral chordae. This 
proved to be a Libman-Sacks vege- 
tation. The unique features of this 
case are discussed in this report. 
An 18-year-old female college 
student was admitted after the 
sudden onset of aphasia associated 
with mild numbness of her right 
arm and leg. Before this event, she 
had been well, apart from an epi- 
sode of numbness in her right hand 
2 months earlier. Her only medica- 
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FIGURE 1. Parasternal long-axis view. During systole (left), mass seen 


tion was an oral contraceptive pill. 
Examination revealed a healthy- 
appearing young woman, but with 
a severe deficit in speech produc- 
tion and reduced pinprick sensa- 
tion in the right arm. The remain- 
der of the general examination was 
normal. Computerized axial to- 
mography revealed a focal infarct 
near the frontal-parietal junction. 
Two-dimensional transthoracic 
echocardiography revealed a high- 
ly mobile, frond-like mass, 3.5 cm 
in length, attached to the chordal 
apparatus of the mitral valve adja- 
cent to the posterior papillary 
muscle, which freely prolapsed 
into the left ventricular outflow 
tract during ventricular systole 
(Figure 1). The mitral valve other- 
wise appeared normal with no evi- 
dence of regurgitation, stenosis or 
chordal rupture. 

On the basis of the large size 
and mobility of the mass, the 
suspected embolic nature of her 
stroke, her young age and the po- 
tential for further systemic embo- 





prolapsing into left ventricular outflow tract (LVOT). 


lization, conservative therapy was 
felt to be inappropriate and, thus, 
surgical excision of the mass was 
performed. During surgery, the 
mass was confirmed to be multifo- 
cal in origin, arising from the 
chordal apparatus. The valve was 
excised and replaced with a 29- 
mm bileaflet mechanical prosthe- 
sis. Microscopically, the mass had 
the typical appearence of a Lib- 
man-Sacks vegetation and was 
readily distinguished from lesions 
such as bacterial or fungal vegita- 
tions, myxomas or papillary fi- 
broelastomas (Figure 2). 
Laboratory examination per- 
formed concurrently with initial 
management revealed normal se- 
rum chemistries, a normocytic 
anemia (hematocrit 24.5%) and 
thrombocytopenia (platlet count 
86 10°/liter), with a prothrombin 
time of 14.4 seconds (control 12.0) 
and a partial thromboplastin time 
of 37.1 seconds; the antinuclear 
antibody was positive (titer 
1:1280) and speckled, and she had 
very high titers of immunoglobin 
M anticardiolipin antibodies. Her 
speech gradually improved after 
surgery. Her course was compli- 
cated by high fevers, malaise and 
anorexia, without an infectious 





During diastole (right), vegetation attachment to chordae seen. AV = aortic valve; AMVL = anterior mitral valve leaflet; LV = 


left ventricle; RV = right ventricle. 
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FIGURE 2. Mitral valve showing multi- 


ple hemorrhagic, elongated papillary 
structures up to 3.3 x 0.5 x 0.5 cm 
arising from the chordal apparatus and 
not involving the valve leaflets. 


cause found. She was administered 
1 mg/kg of prednisolone and the 
fevers gradually resolved. Three 
months later, the patient was well 
with 5 mg/day of prednisolone. 
Intracardiac masses rarely origi- 
nate from mitral chordae, and a de- 
finitive diagnosis could not be ob- 
tained on the basis of the echocardio- 
graphic findings. A myxoma of the 
mitral valve was considered; how- 
ever, this condition is rare, with only 
5 cases reported being diagnosed as 
such during life and none originating 
from the mitral chordae. A papillary 
fibroelastoma was also considered 
because such condition typically 
arises from valvular tissue. Because 
of the size and location of the lesion, 


Libman-Sacks endocarditis was con- 
sidered highly unlikely. 

Echocardiographic studies in pa- 
tients with SLE have shown vegeta- 
tions in a much smaller percentage of 
patients than have autopsy series. 
Galve et al! found vegetations on the 
echocardiogram consistent with Lib- 
man-Sacks endocarditis in 7 of 74 
patients. A more recent report re- 
vealed no cases of Libman-Sacks en- 
docarditis in 50 patients with SLE.” 
Only 3 cases of a vegetation simulat- 
ing an intracardiac mass have been 
reported, and all 3 cases, unlike our 
case, demonstrated prominent valve 
leaflet involvement.? 

Cerebral embolism is considered 
a rare complication of Libman- 
Sacks endocarditis in SLE. In Lib- 
man and Sacks’ original article, 1 of 
5 patients studied had had a stroke, 
and they speculated that embolism 
was the cause. Since then, a handful 
of cases of embolism related to Lib- 
man-Sacks endocarditis have been 
reported with pathologic confirma- 
tion. In 1988 Devinsky et al4 report- 
ed a retrospective study of neuro- 
pathologic findings during autopsy in 
50 patients with neuropsychiatric 
disorders associated with SLE. Em- 
bolic infarcts were present in 10 pa- 
tients, 5 of whom had Libman-Sacks 
endocarditis. The exact risk of 
thromboembolism in Libman-Sacks 
endocarditis remains uncertain. 

Recent studies have highlighted 
the relation between cerebral isch- 


818 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 SEPTEMBER 15, 1991 


emia, antiphospholipid antibodies 
and valvular vegetations.*»> The An- 
tiphospholipid Antibodies in Stroke 
Study Group® examined 128 pa- 
tients with antiphospholipid antibod- 
ies and cerebrovascular disease; 16 of 
72 (22%) patients who underwent 
echocardiographic study demon- 
strated valvular abnormalities. 

In summary, we present a patient 
with high titers of immunoglobin M 
anticardiolipin antibody and a Lib- 
man-Sacks vegetation mimicking an 
intracardiac tumor. The unique na- 
ture of this case centers around the 
size of the vegetation, its embolic na- 
ture and its occurrence as the pre- 
senting feature of SLE. 
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Usefulness of Corticosteroid Therapy for 
Protein-Losing Enteropathy After the Fontan 


Procedure 


Jack Rychik, MD, David A. Piccoli, MD, and Gerald Barber, MD 


hronic pleural and pericar- 
i dial effusions are a signifi- 

cant cause of morbidity and 
mortality after the Fontan proce- 
dure. Frequently, these patients 
manifest a protein-losing enteropa- 
thy (PLE), defined as severe loss of 
serum proteins into the gut, with 
clinical sequelae of edema, anasarca 
and immunodeficiency.! Despite 
standard therapy which includes nu- 
tritional alterations, diuretics and se- 
rial albumin infusions, mortality re- 
mains high. We report 2 cases of 
severe PLE after the Fontan proce- 
dure successfully managed with cor- 
ticosteroid therapy. 

Case 1: G.B. presented to the 
Children’s Hospital of Philadel- 
phia at 3 months of age with the 
diagnosis of single left ventricle, l- 
transposition of the great arteries 
(segments S, L, L), left atrioven- 
tricular valve atresia, and a small 
restrictive foramen leading to a di- 
minutive outlet chamber. The pa- 
tient underwent atrial septectomy, 
pulmonary artery to aorta anasto- 
mosis, and modified right Blalock- 
Taussig shunt without complica- 
tion. At 18 months of age, cardiac 
catheterization revealed: aortic 
saturation 75%, Op:Qs = 0.6:1, left 
ventricular pressure 145/8 mm Hg, 
and right and left mean pulmonary 
artery pressures of 18 and 13 mm 
Hg, respectively, and a modified 
Fontan procedure was performed. 
The immediate postoperative peri- 
od was normal; right and left atrial 


From the Divisions of Cardiology and Gastro- 
enterology, Children’s Hospital of Philadel- 
phia, and the Department of Pediatrics, Uni- 
versity of Pennsylvania School of Medicine, 
34th & Civic Center Boulevard, Philadelphia, 
Pennsylvania 19104. 


mean pressures were 12 and 6 mm 
Hg, respectively. Within 24 hours, 
pleural effussions accumulated re- 
quiring indwelling catheters. At 3 
weeks after operation, G.B. devel- 
oped loose, mucoid, foul-smelling 
stools, with intermittent bouts of 
abdominal pain. Laboratory stud- 
ies revealed serum total protein 
level of 4.7 g/dl (normal range 5.4 
to 7.0 g/dl) and albumin level of 
3.5 g/dl (normal range 2.6 to 3.6 
g/dl). Regimens of 25% albumin 
infusion followed by furosemide 
therapy were instituted in an at- 
tempt to replace colloid losses. 
Cardiac catheterization at 14 
weeks after operation revealed an 
unobstructed systemic venous 
pathway, normal-sized pulmonary 
arteries, mean right atrial pressure 
13 mm Hg, mean pulmonary ar- 
tery wedge pressure 6 mm Hg, left 
ventricular pressure 128/6 mm Hg, 
aortic saturation 95%, and cardiac 
index of 2.5 liters/min/m?. At 16 
weeks after surgery, worsening di- 
arrhea ensued, as well as severe 
edema of the facies, extremities 
and abdomen. Serum levels of to- 
tal protein and albumin decreased 
to 2.7 and 1.1 g/dl, respectively. 
Despite complete bowel rest, twice- 
daily infusions of 25% albumin, 
and central hyperalimentation, 
profuse diarrhea persisted. Serum 
electrolytes were: sodium 138 
mmol/liter, potassium 3.7 mmol/ 
liter, chloride 103 mmol/liter, car- 
bon dioxide 18 mmol/liter, urea ni- 
trogen 28 mg/dl and creatinine 0.1 
mg/dl. Complete blood count 
showed hemoglobin 15.9 gm/dl, 
platelet count 338,000 and lym- 
phocytopenia (total lymphocyte 
count 564). Liver functions were 


normal, and urine assay indicated 
no significant protein losses. Fecal 
a-l-antitrypsin clearance was 
markedly abnormal at 695 ml/24 
hours (normal 0 to 13 ml/24 
hours), confirming the diagnosis of 
a PLE. Hydrogen breath and d- 
xylose test results indicated mal- 
absorption, and small bowel biop- 
sy revealed lymphangiectasia of 
the intestinal mucosa. Cultures of 
the stool for bacteria, as well as 
analysis for ova and parasites, ro- 
tavirus and adenovirus antigens, 
and Clostridium difficile toxin 
were negative. The child was brief- 
ly discharged on central hyperali- 
mentation, but at 27 weeks after 
operation, his condition worsened. 
He developed profuse diarrhea 
and dehydration, with reaccumu- 
lation of large bilateral pleural ef- 
fusions. Blood cultures grew Kleb- 
siella Pneumoniae, and low-grade 
disseminated intravascular coagu- 
lation was present. Up to 3 liters of 
stool losses occurred daily. Be- 
cause of the poor response to prior 
standard therapy, high-dose corti- 
costeroid treatment was adminis- 
tered as intravenous methylpredni- 
solone at an equivalent of 2 
mg/kg/day of prednisone, in con- 
junction with daily regimens of 
25% albumin infusion. After l 
week of treatment, the patient's 
condition began to improve (Fig- 
ure 1). On day 31, prednisone was 
administered orally, and total pro- 
tein and albumin levels normalized 
at 6.4 and 4.6 g/dl, respectively. 
G.B. was discharged from the hos- 
pital on day 36 of the second ad- 
mission, on a weaning regimen. He 
did well as an outpatient and by 5 
weeks after discharge, was weaned 
to 1 mg/day (0.08 mg/kg/day) of 
prednisone. At 13 weeks after dis- 
charge, a mild increase in loose- 
ness of stools was noted. Serum 
levels of total protein and albumin 
dropped to 3.2 and 1.8 g/dl, respec- 
tively. Prednisone was increased to 
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0.6 mg/kg/day (Figure 2). An in- 
crease in serum proteins occurred, 
though at a slower rate than earli- 
er. At 25 weeks after discharge, a 
second attempt at weaning was 
successfully achieved. Fecal a-1- 
antitrypsin clearance assay was 
normal at 4 ml/24 hours. Current- 
ly, at 18 months after discharge, 
the child is doing well at home, 
without corticosteroid medication, 
without diarrhea, and with normal 
levels of serum total protein (6.5 
g/dl) and albumin (4.2 g/dl). 
Case 2: JW underwent modified 
Fontan operation for tricuspid 


atresia without complication at 3 
years of age. Severe PLE devel- 
oped at 7 years of age, with hypo- 
proteinemia and anasarca unre- 
sponsive to supplemental albumin 
infusions and dietary manipula- 
tions. Fecal a-1-antitrypsin clear- 
ance was markedly abnormal at 
245 ml/24 hours. Cardiac cathe- 
terization revealed mean right 
atrial pressure 14 mm Hg, an un- 
obstructed systemic venous path- 
way and good ventricular function. 
Intravenous methylprednisolone at 
2 mg/kg was given, with a persis- 
tent increase in serum proteins not- 
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FIGURE 1. Serum levels of total protein (filled squares) and albumin (filled circles) 
are shown during the second hospitalization. Dashed line indicates amount of ste- 
roid administered as prednisone equivalent. Within 1 week of high-dose intravenous 
steroid therapy (>1 mg/kg/day of prednisone equivalent), symptoms of abdominal 
pain and diarrhea abated. After 24 days of intravenous steroid therapy, serum pro- 
tein levels returned to normal. 
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FIGURE 2. Levels of serum total protein and albumin are shown after discharge. 
Levels dropped significantly during weaning of steroid, and normalized after restart- 
ing prednisone at <1 mg/kg/day. Note duration of time until normalization of levels. 
Although the child was mildly symptomatic and treated as an outpatient during this 
period, 10 weeks elapsed before serum proteins returned to normal with oral admin- 
istration of prednisone. 
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ed on day 16 of therapy. The child 
is currently doing well 6 months 
after hospitalization, maintained 
on 0.5 mg/kg day oral prednisone, 
and with normal serum proteins. 

PLE is associated with constric- 
tive pericarditis,t myocardial dis- 
ease> and valvular heart disease.® It 
is seen after surgery for congenital 
heart disease in which residual ele- 
vated systemic venous pressure ex- 
ists, such as in obstruction to vena 
caval return after Mustard’s repair 
for transposition of the great arter- 
ies” and after performance of a 
Glenn Shunt.’ Crupi et al!° first re- 
ported the presence of PLE in a 7- 
year-old child with tricuspid atresia 
after Fontan’s operation. Hess stud- 
ied patients with and without PLE 
after Fontan operation, and found 
that mean right atrial pressures did 
not differ, but that atrial diastolic 
pressures were higher in patients 
with PLE.!! 

Impediment to proper lymphatic 
drainage secondary to elevated ve- 
nous pressures transmitted to the 
thoracic duct, is one explanation for 
protein losses in this disease. Fre- 
quently, lymphangiectasia of the in- 
testinal tract are noted, developing as 
a nonspecific result of lymphatic hy- 
pertension. Dilated lacteals in PLE 
may leak highly proteinaceous con- 
tents such as albumin, immunoglob- 
ulins and lymphocytes into the intes- 
tinal lumen, thereby causing the 
physiologic consequences of edema 
and immunodeficiency. There are 
also published reports on PLE in the 
absence of central venous hyperten- 
sion. Autoimmune processes may 
contribute to the pathogenesis of cer- 
tain types of PLE!* and diseases 
such as systemic lupus erythemato- 
sus may present with severe protein 
loss through the small intestine, with 
reported response to high-dose corti- 
costeroids and immunosuppres- 
sion. !3 

In both of our cases, evaluation of 
the hemodynamics indicated a low 
mean right atrial pressure for a pa- 
tient after the Fontan procedure, and 


a good anatomic repair with no evi- 
dence of obstruction. Nevertheless, 
in case 1, at 15 weeks after surgery, 
profuse diarrhea and severe edema 
developed. Subsequent sepsis, possi- 
bly secondary to the loss of immuno- 
globulins and lymphocytes through 
the gut ensued. Despite intensive 
medical management with bowel 
rest, hyperalimentation and albumin 
infusions, no improvement occurred 
until the administration of cortico- 
steroids. This response, as well as the 
decrease in serum proteins after 
weaning and the increase after rein- 
stitution of oral prednisone, are 
strong evidence to support corticoste- 
roids as the cause of the patient’s 
improvement. 

The pathophysiology of PLE re- 
mains unknown. We believe that all 
patients after the Fontan procedure 
have a propensity for protein leak 
into the gut secondary to physiologi- 
cally abnormal central venous pres- 
sure, although not all develop the dis- 
ease. We speculate the following as 
plausible explanations for this phe- 
nomenon: (1) In some patients, an 
intestinal inflammatory process oc- 
curs due to an infectious agent or 
autoimmune process, which leads to 
the clinical sequelae of PLE. (2) 
Synthesis of an endogenous agent 
that regulates integrity of the intesti- 
nal mucosa may be absent in some 
patients, and is corrected by the cel- 
lular anabolic effects of high-dose 


corticosteroid. The time lag noted 
before clinical response after initia- 
tion of therapy in our patient may, in 
fact, support the hypothesis of pro- 
duction of an as yet unknown cellular 
by-product. Studies searching for 
immunoglobulin or complement de- 
posits in the intestinal mucosal lami- 
na propria of these patients as well as 
information concerning the synthetic 
function of the liver in the face of 
central venous hypertension will fur- 
ther elucidate the development of 
this disease. Recently, Rothman and 
Snyder!* reported successful treat- 
ment of PLE after the Fontan proce- 
dure with oral corticosteroids. Many 
patients with this condition are un- 
able to tolerate oral feeds, and bowel 
edema may impede oral absorption, 
thereby delaying response. There- 
fore, in the absence of documented 
anatomic obstruction or ventricular 
dysfunction, we recommend a trial 
of 14 to 21 days of high-dose intrave- 
nous corticosteroid, followed by a 
gradual tapering of oral corticoste- 
roid, in patients with severe PLE re- 
calcitrant to standard therapy. 
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Balloon Dilatation of a Stenotic Waterston 
Shunt with Long-Term Follow-Up 


Janet N. Scheel, MD, Timothy J. Gardner, MD, and Jean S. Kan, MD 


fter its successful introduc- 
tion in 1982 for the treat- 
ment of congenital heart le- 
sions, percutaneous balloon dilata- 
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tion has been applied to many 
stenotic lesions found in preoperative 
and postoperative congenital heart 
disease.'* There have been rare re- 
ports of this technique’s application 
to surgical aortopulmonary connec- 
tion with varying results. Fischer et 
al? described successful dilatation of 
a Blalock-Taussig anastomosis, and 
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Gibbs et al* described balloon dilata- 
tion of a Waterston anastomosis af- 
ter which pulmonary edema devel- 
oped and the patient died 12 hours 
after the procedure. A recent case 
report of long-term follow-up after 
initially successful balloon dilatation 
of a variant of a Blalock-Taussig 
shunt documented late remodeling 
at the angioplasty site and distal pul- 
monary hypertension.” We describe 
the successful long-term outcome af- 
ter balloon dilatation of a stenotic 
Waterston anastomosis. 
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FIGURE 1. Injection into right pulmo- 
nary artery in the anteroposterior pro- 





FIGURE 2. Injection into right pulmo- 
nary artery 6 years after dilatation of 
the stenotic Waterston shunt. 


A 13-year-old girl had been 
followed with the diagnosis of te- 
tralogy of Fallot and pulmonary 
valve atresia from birth. Surgical 
procedures to improve her oxygen- 
ation had included: formalin fixa- 
tion of the ductus arteriosus (1 day 
old); 3-mm Waterston anastomo- 
sis (11 days); 4-mm Gore-Tex 
shunt from the innominate artery 
to the left pulmonary artery (81 
days); and left pulmonary artery 
reconstruction and replacement of 
the left Gore-Tex shunt to 6 mm (5 
years). At age 6 and '/2 years, she 
developed severe exercise intoler- 
ance, profound cyanosis and poly- 
cythemia (hematocrit 75%). Her 
clinical status had deteriorated to 
the extent that her teachers carried 


her from class to class at school. 
Cardiac catheterization showed 
that the right middle and lower 
pulmonary artery branches per- 
fused through a stenotic Waterston 
anastomosis (Figure 1). No flow 
was demonstrated in the right up- 
per pulmonary artery branch or 
the left pulmonary artery. Arterial 
oxygen saturation was 64%. Mean 
right pulmonary artery pressure 
was 17/10 mm Hg (mean 9). 

Balloon angioplasty of the ste- 
notic Waterston anastomosis was 
performed by serial dilatations. A 
guidewire was positioned in the 
right pulmonary artery using a 
transvenous anterograde approach 
through the right ventricle and the 
root of the aorta. Balloon dilata- 
tion was performed sequentially 
with 5-, 6- and 8-mm Medi-Tech 
dilatation balloons until an im- 
provement in oxygen saturation to 
85% was achieved. The initial ste- 
notic orifice was measured to be 2 
mm. Pulmonary artery pressure 
after dilatation was 24/20 mm Hg 
(mean 20). After the procedure, 
there was marked improvement in 
exercise tolerance. She was able to 
participate normally in school ac- 
tivities. Her hematocrit stabilized 
at 54 to 57% without further in- 
tervention. This improved clinical 
status has been maintained for 6 
years. 

Hemodynamic reassessment 6 
years after balloon dilatation of 
the Waterston anastomosis re- 
vealed an intraaortic oxygen satu- 
ration of 86% and a right pulmo- 
nary artery pressure of 25/13 mm 
Hg (mean 20). Right pulmonary 
angiography showed the anasto- 
mosis orifice to be 4 mm with no 
evidence of aneurysm formation 
(Figure 2). 

This case illustrates that balloon 
angioplasty can be successfully ap- 
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plied to surgical anastomoses with 
preservation of the dilatation results 
on long-term follow-up. The patient 
was scheduled for a repeat catheter- 
ization after 6 years because of a re- 
cent case in which late remodeling 
and dilatation of the anastomosis site 
resulted in pulmonary hypertension.° 

Our selection of balloon size was 
based on a multiple of the dimension 
of the stenosis. Initial balloon size 
was chosen at 5 mm (2.5% orifice 
dimension). Initial inflation showed 
minimal waisting and the balloon 
size was sequentially increased until 
the desired oxygen saturation was 
achieved with an 8-mm balloon (4X 
orifice dimension). Gibbs et al* sug- 
gested that hemodynamic assess- 
ment and oxygen saturation mea- 
surement after each balloon inflation 
regardless of radiographic appear- 
ance is needed in order to prevent 
overdilatation.* 

Applications of balloon angio- 
plasty in cases such as this one are 
unique and consequently not easily 
analyzed in the established registries. 
Reporting on these cases remains 
imperative so that this technique is 
available to patients who may be 
spared a surgical procedure or for 
whom surgery is not feasible. 
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Acute Myocardial Infarction After 
Ergonovine Administration for Uterine 


Bleeding 


James K. Liao, MD, Barbara A. Cockrill, MD, and Peter M. Yurchak, MD 


cute myocardial infarction 

during pregnancy and in the 

postpartum period is a rare 
occurrence of uncertain etiology.' It 
has been reported in women with 
atherosclerotic coronary artery dis- 
ease, diabetes mellitus and systemic 
hypertension.” In women with nor- 
mal coronary angiograms, however, 
no clear and consistent etiology can 
be found. A few cases did involve 
patients receiving ergot derivatives, 
but the events were poorly docu- 
mented and established only by ret- 
rospective association. We report a 
patient who sustained an acute myo- 
cardial infarction after receiving 
methylergonovine for excessive uter- 
ine bleeding after a first trimester 
spontaneous abortion. The cardiac 
event was promptly recognized and 
treated, resulting in a relatively be- 
nign postmyocardial infarction 
course. 

A healthy, physically active, 
12-week pregnant, 34-year-old, 
G3P> white woman presented with 
a spontaneous abortion. (Her pre- 
vious 2 pregnancies were uncom- 
plicated.) There was no history of 
cardiac disease, systemic hyper- 
tension or Raynaud's phenomena. 
She had a history of cigarette 
smoking and migraine headaches, 
but denied the use of cocaine or 
ergot derivatives. Her blood pres- 
sure was 112/70 mm Hg with a 
normal physical examination. She 
underwent a routine dilation and 
evacuation procedure, but because 
of persistent uterine bleeding, 
methylergonovine (Methergin®), 
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0.2 mg, was administered intra- 
muscularly. Within 30 minutes of 
injection, she developed crushing 
substernal pain and became hypo- 
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tensive. Electrocardiogram re- 
vealed significant ventricular ec- 
topy with 4 to 5 mm ST-segment 
elevation in leads V>V4, 1 to 2 mm 
ST-segment elevation in leads I, 
aVL, Vs-Vs, and reciprocal ST- 
segment depression in leads II, III 
and aVF (Figure 1, top). She was 
treated with intravenous fluids and 
norepinephrine, but thrombolytic 
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FIGURE 1. Top, patient’s electrocardiogram during ischemic event, recorded 
within 10 minutes after onset of chest pain and showing acute ST-segment eleva- 
tion across the precordial leads. Bottom, patient’s electrocardiogram after admin- 
istration of nitroglycerin. Resolution of ST-segment elevations with development 
of deep precordial T-wave inversions and loss of R-wave progression, consistent 
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FIGURE 2. Right a in left anterior abilqus projëclion: Nar- | 


with evolution of an acute anterior myocardial infarction. 





mal-appearing left and right coronary arteries. 
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therapy was withheld because of a 
recent surgical procedure. Ap- 
proximately 15 minutes after the 
onset of chest pain, her blood pres- 
sure stabilized and she was given | 
tablet of sublingual nitroglycerin 
with rapid resolution of her symp- 
toms and ST-segment elevation on 
electrocardiogram (Figure 1, bot- 
tom). 

To help guide in therapeutic 
management, cardiac catheteriza- 
tion was performed 20 minutes lat- 
er despite lack of further symp- 
toms. It revealed a right dominant 
system with normal-appearing 
coronary arteries (Figure 2). Nei- 
ther nitrates nor repeated chal- 
lenge with ergonovine was given. 
Left ventriculography revealed se- 
vere anterior, septal and apical 
dyskinesia with a calculated ejec- 
tion fraction of 32%. Her serum 
creatine phosphokinase peaked at 
1,259 IU /liter with 6% MB fraction 
approximately 6 hours after the 
onset of pain. A technetium 99-m 
radionuclide gated blood pool scan 
performed 5 days after the acute 
myocardial infarction demon- 
strated an ejection fraction of 61%, 
with borderline left ventricular di- 
latation. There was a small area of 
apical hypokinesia. She had an un- 
complicated hospital course. She 
is currently taking diltiazem, and 
has returned to her previous activ- 
ities. 


Although ergonovine is used in 
the cardiac catheterization laborato- 
ry as a provocative test for coronary 
artery spasm, cardiac complications 
associated with ergonovine usage in 
the postpartum period are surpris- 
ingly rare.*+ Possible explanations 
may include the lower incidence of 
atherosclerotic coronary artery dis- 
ease in women younger than age 40 
years and lack of recognition of brief 
episodes of coronary artery spasm 
during the postpartum period in a 
nonmonitored setting. Our patient 
came to clinical attention after hav- 
ing a prolonged episode of coronary 
artery spasm and hemodynamic 
compromise. In addition, vasospastic 
disorders such as migraine head- 
aches and Raynaud’s disease are as- 
sociated with coronary artery 
spasm. The history of migraine 
headaches may have placed our pa- 
tient at a higher risk with respect to 
ergonovine administration. 

Taylor and Cohen® were the first 
to report a postpartum patient who 
sustained a large transmural anterior 
wall acute myocardial infarction af- 
ter receiving ergonovine. Unfortu- 
nately, the event went unrecognized 
for 2 days during which the patient 
received neither nitrates nor calcium 
antagonists. The myocardial infarc- 
tion was complicated by congestive 
heart failure, left ventricular aneu- 
rysm and embolic stroke. In contrast 
to the first reported case, the evolu- 
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tion of the ischemic event in our pa- 
tient was clearly documented by 
electrocardiograms, serum creatine 
phosphokinases and cardiac cathe- 
terization. The early recognition and 
treatment of coronary artery spasm- 
induced myocardial ischemia re- 
sulted in a relatively benign post- 
myocardial infarction course with 
rapid recovery and preservation of 
myocardial function. 

This case demonstrates the need 
for a period of observation after ad- 
ministration of ergonovine to obstet- 
rical patients. Physicians using ergo- 
novine should be aware of this rare 
but potentially life-threatening com- 
plication. Prompt evaluation and 
treatment may reduce morbidity 
from the event, should it occur. 
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Successful Radiofrequency Catheter 
Ablation of Accessory Pathways That 


Recurred After Surgery 


Peng-Sheng Chen, MD, Gregory K. Feld, MD, Walter P. Dembitsky, MD, 
Jolene M. Kriett, MD, R. Peter Fleck, MD, Edmund J. Brennan, MD, 


and Stanley C. Henjum, MD 


ince September 1990, radio- 
S frequency ablation! has re- 

placed surgery as the curative 
treatment of choice for patients with 
Wolff-Parkinson-White syndrome 
in our institution. The patients are 
referred to surgery only if radio- 
frequency ablation is unsuccessful. 
However, in many institutions sur- 
gery remains the primary option 
for patients requiring curative treat- 
ment. It is not known whether or not 
patients with recurrent accessory 
pathway conduction after surgical 
ablation can be safely and success- 
fully cured by radiofrequency abla- 
tion. In this communication we re- 
port our experience with successful 
radiofrequency ablation in 3 patients 
who had recurrent accessory path- 
way conduction after surgical abla- 
tion. 

The protocol of radiofrequency 
ablation was reviewed and ap- 
proved by the Human Subjects 
subcommittee of the University of 
California, San Diego. Patient l 
was a 35 year-old woman who had 
symptomatic Wolff-Parkinson- 
White syndrome refractory to con- 
ventional antiarrhythmic medica- 
tions. Amiodarone (400 mg/day) 
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achieved good control of the ar- 
rhythmia. However, this was dis- 
continued because of intolerable 
side effects, and the patient devel- 
oped recurrent symptoms 3 
months later. Electrophysiologic 
study revealed a single accessory 
pathway in the left lateral free wall 
position. The pathway conducted 
in both anterograde and retrograde 
manner. The patient underwent an 
apparently successful surgical ab- 
lation of the accessory pathway in 
June 1989. Symptoms recurred 4 
months after discharge. Although 
the electrocardiogram no longer 
showed evidence of preexcitation, a 
retrograde-only left posterior free 
wall accessory pathway was pre- 
sent. This pathway was 22 cm 
away from the first accessory 
pathway, and was not detected by 


the preoperative electrophysiologic 
study. After an unsuccessful trial 
of flecainide, the patient was read- 
mitted 17 months after surgery. 
A 7Fr steerable quadripolar elec- 
trode catheter (Mansfield, Water- 
town, Massachusetts) was inserted 
through the right femoral artery 
into the left ventricular cavity and 
positioned under the posterior 
leaflet of the mitral valve. The dis- 
tal electrode was connected to a 
custom-made radiofrequency gen- 
erator (Medical Scientific, Inc., 
Foxboro, Massachusetts). The 
grounding electrode was posi- 
tioned in the posterior interscapu- 
lar area. Radiofrequency energy of 
30 to 60 seconds’ duration at a 
voltage of 40 to 50 V and a power 
output of approximately 16 to 25 
W was applied to multiple loca- 
tions and successfully ablated the 
accessory pathway. The patient 
has had no recurrent arrhythmias 
during a 6-month follow-up period. 

Patient 2 was a 27-year-old 
man with retrograde-only left pos- 
terior free wall accessory pathway 
and recurrent episodes of palpita- 
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FIGURE 1. Retrograde atrial activation sequence during reciprocating tachycardia 
before catheter ablation in patient 2. Electrocardiographic leads |, aVF and V;, 
and intracardiac electrograms are shown. Tachycardia cycle length was 340 ms, 
and earliest retrograde activation occurred at the CS-3 location. An accessory 
pathway potential (arrows) was demonstrated in CS-3, but was also seen in PCS, 
CS-4 and CS-2. A catheter in the inferior vena cava served as the ground for uni- 
polar recordings. CS-4, CS-3, CS-2 and CS-1 = unipolar coronary sinus electro- 
grams recorded by the 4 poles of the coronary sinus catheter, with the most prox- 
imal pole as CS-4 and the most distal pole as CS-1; HBE = His bundle electro- 
gram; PCS = bipolar proximal coronary sinus electrogram; RV = right ventricular 


electrogram. 
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FIGURE 2. Catheter positions in patient 2. Catheter 1 is in the inferior vena cava, 


serving as the ground for intracardiac unipolar recordings. Catheter 2 is a quadripo- 
lar catheter for His bundle recordings. This catheter is now out of position. Catheter 
3 is in the coronary sinus. Catheter 4 is the left ventricular ablation catheter. 4A in- 
dicates the distal end of the catheter that was under the posterior mitral valve leaf- 
let, with the tip pointing to the CS-3 electrode. 4B indicates the proximal part of the 
ablating catheter in the descending aorta. Catheter 5 is in the right ventricular apex. 
A conductive adhesive electrode (/arge filled arrow) was on the patient’s back, serv- 
ing as the ground for radiofrequency ablation. Surgical clips were seen parallel to 
the coronary sinus (between the 2 unfilled arrows). Small filled arrows indicate 


surface electrocardiographic leads. 


tion and presyncope. The arrhyth- 
mia was refractory to medications. 
In March 1990, the patient under- 
went an apparently successful sur- 
gical ablation of the accessory 
pathway. However, symptoms re- 
curred 6 months later. Repeat elec- 
trophysiologic study in January 
1991 showed easily inducible re- 
ciprocating tachycardia, with the 
earliest retrograde atrial activa- 
tion sequence registered in the 
same location as that before sur- 
gery. An accessory pathway poten- 
tial was also registered between the 
V and the retrograde A waves ( Fig- 
ure 1). The ablation catheter was 
then inserted into the left ventricu- 
lar cavity and positioned under the 
posterior leaflet of the mitral valve 
(Figure 2). Radiofrequency energy 
was applied to the left posterior 
free wall position and successful- 
ly ablated the accessory pathway. 
The patient was symptom free for 


4 months before arrhythmia re- 
curred. He was brought back to the 
electrophysiology laboratory and 
the accessory pathway was again 
successfully ablated. He remained 
symptom free 4 weeks after the 
procedure. 

Patient 3 was a 19 year-old 
man with Wolff-Parkinson-White 
syndrome and a history of recur- 
rent symptomatic tachycardia and 
syncope. Electrophysiologic study 
revealed 2 accessory pathways lo- 
cated in the left posterior free wall 
and the posteroseptal area. Intra- 
operative computerized mapping 
and an apparently successful sur- 
gical ablation of both pathways 
were performed in August 1990. 
The patient was well until April 
1991 when palpitation recurred. 
Electrophysiologic study revealed 
the recurrence of the posterosep- 
tal accessory pathway conduction. 
The radiofrequency ablation cath- 


826 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 SEPTEMBER 15, 1991 


eter was then advanced through 
the right femoral vein and posi- 
tioned near the coronary sinus ori- 
fice. Accessory pathway potential 
was recorded. Radiofrequency en- 
ergy was then applied in that area 
and successfully ablated the path- 
way. The patient remained symp- 
tom free 3 weeks after the proce- 
dure. 

Since 1968, surgical ablation of 
Wolff-Parkinson-White syndrome 
has been routinely performed at 
multiple institutions with a high rate 
of success. However, even for the 
most experienced teams, occasional 
failure was unavoidable. It is there- 
fore highly desirable to develop a 
technique to cure patients with re- 
current accessory pathway conduc- 
tion, without subjecting them to re- 
peated surgery. Transvenous cathe- 
ter ablation of accessory pathways 
by direct current application* or by 
radiofrequency energy! are emerg- 
ing techniques used to cure Wolff- 
Parkinson-White syndrome without 
surgery. Whereas direct current ab- 
lation of the accessory pathway has 
achieved a high rate of success, the 
shock strength needed for ablation 
can result in waveform breakdown 
and barotraumatic shock-wave gen- 
eration. However, radiofrequency 
energy produces a well circum- 
scribed area of coagulation necrosis 
with a limited lesion size. Because 
surgical dissection and cryoablation 
usually involve a large area along the 
atrioventricular groove, the accesso- 
ry pathway that escapes damage 
may be hidden in an area not easily 
accessible. It is unknown whether the 
small lesion produced by radiofre- 
quency energy can result in success- 
ful ablation of these accessory path- 
ways. 

In this article we report 3 patients 
who underwent successful radiofre- 
quency catheter ablation of recur- 
rent accessory pathways. This initial 
experience indicates that radiofre- 
quency catheter ablation is both safe 
and effective in these patients. Insti- 
tutions that still favor surgical abla- 


tion of the accessory pathway as the 
initial treatment of choice should 
consider acquiring these techniques 
to avoid sending patients to repeat 
open heart surgery. 
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Atrial Septal Aneurysm Mimicking a Right 
Atrial Mass on Transesophageal 


Echocardiography 


Joon Kuan Yeoh, MRCP, Alan F. Appelbe, MBBS, 


and Randolph P. Martin, MD 


trial septal aneurysm 

(ASA )is an uncommon 

anomaly usually first recog- 
nized on echocardiographic exami- 
nation. Visualization on convention- 
al transthoracic echocardiographic 
imaging may at times be difficult be- 
cause the atrial septum lies in the 
ultrasonic far field. Furthermore, al- 
though the morphology is typical in 
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FIGURE 1. Left, atrial septal aneurysm (arrow) appears as a discrete rounded 


most cases, diagnostic confusion 
may arise when an unusual appear- 
ance exists.! A recent report? sug- 
gests that transesophageal echocar- 
diography (TEE) is superior in im- 
aging and characterizing the 
morphology of ASA. We describe a 
patient undergoing TEE examina- 
tion for suspected acute aortic dissec- 
tion with an incidental finding of an 
ASA whose appearance simulated a 
right atrial mass. 

A 66-year-old woman with sus- 
pected acute aortic dissection un- 
derwent echocardiographic exami- 
nation as part of a diagnostic 
workup. On initial transthoracic 
imaging, the atrial septum was 





mass in the right atrial cavity; it then moves partially out of the imaging plane re- 
sulting in a smaller, ringed, “‘bull’s eye” appearance (right). RA = right atrium; 


RV = right ventricle. 


poorly visualized, and each atrial 
cavity appeared to be free of a 
mass. TEE examination, using a 5 
MHz single-plane transducer, dis- 
closed a discrete rounded mass 
within the right atrial cavity when 
the transducer was rotated anteri- 
orly. The mass exhibited phasic 
motion and appeared to move in 
and out of the imaging plane (Fig- 
ure l). The nature of the mass was 
clarified when rotating the trans- 
ducer leftwards toward a 4-cham- 
ber view: an ASA without indepen- 
dant motion was found (Figure 2). 
Contrast saline injection showed 
no shunting to be present. 

The prevalence of ASA as diag- 
nosed on transthoracic echocardio- 
graphic examination has been re- 
ported to be about 0.2%?. However, 
Schneider et al,* using TEE, report- 
ed an incidence of 3% in a series of 
765 patients. Although improved 
image quality might have been con- 
tributory, this high incidence was 





FIGURE 2. On rotating the transducer 
toward the left, a 4-chamber view is 
obtained and shows the aneurysm (ar- 
row) in its usual morphology. The right 
atrial cavity is free of any masses. 

LA = left atrium; LV = left ventricle; 
RA = right atrium; RV = right ventricle. 
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most likely due to the select patient 
population; indication for the TEE 
study was thromboembolic stroke in 
113 cases (15%). ASA, either on 
transthoracic or transesophageal ex- 
amination, appears as a localized 
outpouching in the area of the fossa 
ovalis region of the atrial septum. Al- 
though it may be highly mobile with 
an oscillating motion, it may be rela- 
tively fixed, as was seen in our pa- 
tient. We postulate that the apparent 
phasic motion of the aneurysm ob- 
served when imaged in cross section 
across its base was due to actual car- 


diac motion amplified by near field 
imaging. Use of a biplane transe- 
sophageal probe might have helped 
clarify the pathoanatomy directly. 
Whereas an ASA has been reported 
to mimic a cystic right atrial mass on 
conventional transthoracic echocar- 
diography, similar resemblance has 
not been reported during TEE. The 
right atrial cavity is notorious for the 
presence of “masses,” which actually 
represent normal anatomic variants 
or relatively benign pathology in- 
cluding Chiari network, Eusta- 
chian/Thebesian valve and lipo- 
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matous atrial hypertrophy. ASA re- 
presents another source of confus- 
ion. 
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READERS’ COMMENTS 


Effects of Nifedipine on Total 
Ischemic Activity in Angina 
and the Importance of In- 
Hospital Psychological Stress 
in Myocardial Infarction 


The findings of 2 recent reports!” 
do not seem well explained by stan- 
dard views about coronary artery 
disease, but appear to be highly 
consistent with the spasm of resis- 
tance vessel concept, which is re- 
garded as an alternate paradigm or 
model to explain this disorder. The 
concept, first described in 1973° 
and recently updated,’ asserts that 
symptoms in coronary artery dis- 
ease are due to primary spasm of 
resistance vessel. This spasm is re- 
garded as “inappropriate” activa- 
tion of preexisting autoregulatory 
mechanisms by disease states, 
which can be regarded as risk fac- 
tors. Many risk factors can readily 
be related to spasm of resistance 
vessel, such as emotional stress, 
cold and cocaine usage, and severe 
coronary artery disease is presumed 
to cause spasm of resistance vessel 
through the sequence of severe isch- 
emia, ischemic tissue injury and in- 
jury-induced spasm of resistance 
vessel. Occlusions in epicardial 
arteries are given other roles: Coro- 
nary artery disease causes isch- 
emia-induced spasm of resistance 
vessel, spasm in epicardial arteries 
is reflex to spasm of resistance ves- 
sel, and thromboses are secondary 
to the stasis of spasm of resistance 
vessel and to reflex spasm in epicar- 
dial arteries, which can cause 
plaque rupture. 

The first report! described nifedi- 
pine-induced suppression of morn- 
ing ischemic activity and improve- 
ment of exercise treadmill testing in 
cases of angina, and both findings 
are consistent with the alleviation 
of spasm of resistance vessel by va- 
sodilation. Resistance vessels are 
more constricted at 9:00 A.M.,° and 
there is evidence that constriction 
of the microcirculation is involved 
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in ischemic events in stable angina’; 
however, alleviation of spasm of re- 
sistance vessel does not contradict 
any concomitant nifedipine-in- 
duced reduction of myocardial oxy- 
gen demand by lowering systolic 
blood pressure.! If, indeed, spasm 
of resistance vessel is involved with 
morning ischemic episodes, this 
might be important evidence for the 
theory; myocardial infarctions and 
sudden cardiac death have a circa- 
dian rhythm generally similar to 
angina, and the concept assumes 
that coronary artery disease is one 
disorder due to spasm of resistance 
vessel.4 

The second study’ reported that 
patients with acute myocardial in- 
farction who had in-hospital symp- 
toms of psychological stress had an 
almost threefold increased risk of 
cardiac death over 5 years, and such 
evidence of an important role for 
stress in coronary artery disease is 
in keeping with an important role 
for spasm of resistance vessel in this 
disorder. The ability of stress to 
trigger silent episodes of ischemia 
is evidence for a direct connection 
between stress and ischemia, and 
stress-induced spasm of resistance 
vessel seems possible as centrally 
mediated vasoconstriction of resis- 
tance vessels can occur.® 

The findings of the 2 studies are 
only consistent with the spasm of 
resistance vessel concept and might 
be explained by other models for 
coronary artery disease. Alternate 
paradigms are tested by determin- 
ing whether they explain events bet- 
ter than other positions and without 
inconsistencies, and the view that 
coronary artery disease is one disor- 
der caused by spasm of resistance 
vessel appears to well explain the 


findings of the 2 studies. 
H. Richard Hellstrom, mo 
Syracuse, New York 
25 February 1991 
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Systolic Excursion of the 
Mitral Anulus as an Index of 
Left Ventricular Systolic 
Function 


We would like to comment on the 
report by Pai et al! in the January 
issue of the Journal on the useful- 
ness of the systolic excursion of the 
mitral anulus as an index of left 
ventricular (LV) systolic function. 
These investigators demonstrated 
that the systolic excursion of the 
mitral anulus measured from the 
apical 4-chamber view is strongly 
related to the LV systolic ejection 
measured by radionuclide tech- 
nique. They indicate as the major 
drawback that the movement of the 
apex is not taken into account, as 
only the movement of the mitral an- 
ulus in relation to the transducer is 
considered. We feel that this is not a 
drawback, because we have found 
that the apex remains in a stable 
position during systole while the LV 
base moves towards the apex.? 

The basal excursion should be ad- 
justed for heart size. This can be 
done by normalizing for the LV 
long-axis measured in the same 
view at end diastole. 

The authors found that the systol- 
ic excursion of the mitral anulus 
was a better correlate of radionu- 
clide LV ejection fraction than LV 
fractional shortening or ejection 
fraction by echocardiography using 
the method described by Teichholz 
et al.> They suggested that this may 
be partly due to the fact that a size- 
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able proportion of the patients had 
regional wall motion abnormalities 
of the left ventricle. We agree with 
these conclusions. We expect, how- 
ever, that a new echocardiographic 
method would provide a better cor- 
relation with radionuclide LV ejec- 
tion fraction. The influence of re- 
gional wall motion abnormalities 
on LV ejection fraction is taken into 
consideration when the measure- 
ment of the excursion of the mitral 
anulus is complemented with trac- 
ing of the endocardial borders at 
end diastole and end systole at end- 
expiration. This addition would 
cost little extra effort. The com- 
bined measurement of systolic ex- 
cursion of the mitral anulus and dis- 
placement of the endocardial bor- 
ders can be assessed with a small 
measurement variability using a 
new algorithm, recently described 


and validated by our group.* 
Patricia E. Assmann, mo 
Cornelis J. Slager, ms 
Jos R. Roelandt, mo 
Rotterdam, The Netherlands 
12 March 1991 
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Anticardiolipin Antibody 
Titers in Patients with 
Myocardial Infarction 


Caterina et al! reported that anti- 
cardiolipin antibody (ACA) was 
present at low titer in 43% of pa- 
tients with coronary artery disease 
(CAD) although low titers were 


also present in a similar number of 
normal subjects. Klemp et al? had 
previously reported that ACA titers 
were raised in 80.2% of CAD pa- 
tients on 21 occasion during a 1 to 
11 day hospital admission and that 
the CAD patients had significantly 
higher titers than were seen in 
groups of patients with tuberculosis 
and rheumatoid arthritis. 

Hamsten et al? had earlier report- 
ed that elevated ACA levels were 
associated with the subsequent de- 
velopment of cardiovascular events 
in a cohort of patients <45 years old 
surviving a myocardial infarction. 
He measured titers at 3, 12 and 
36 months after myocardial infarc- 
tion. In the 36 to 64 month follow- 
up period, almost two-thirds of the 
21% of patients who were ACA pos- 
itive on 2 of the 3 samples pro- 
vided had additional cardiovascular 
events. The inference drawn from 
this study was that ACA positivity 
in young patients with myocardial 
infarction was a marker for recur- 
rent cardiovascular events, with 
those patients developing ACA-re- 
lated events having ACA titers of 5 
times the mean of healthy control 
subjects. 

It is not yet clear whether elevat- 
ed ACA titers arise as a result of a 
myocardial infarction as an epiphe- 
nomenon (possibly related to cell 
death and the exposure of previous- 
ly sequestered antigen) or whether 
patients with high ACA levels and 
without any collagen vascular dis- 
ease are predisposed to developing a 
myocardial infarction. The present 
study was set up to determine if a 
myocardial infarction resulted in 
the acute seronversion or rise in 
ACA titer positivity. 

The 32 patients with a myocardi- 
al infarction (19 men, 13 women, 
mean age of 64.6 + 8.8 years) had 
bloods assayed with an ELISA 
technique for ACA IgG, IgM and 
IgA from samples taken on admis- 
sion (within 12 hours, median 7, of 
their myocardial infarction) and 
subsequently at 1, 2 and 30 days 
after infarction. The ELISA test 
used has previously been validated 
by sample exchange comparability 
with the Lupus Research Unit (St. 
Thomas Hospital, London SE1), 
with our assay testing appropriately 
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negative in a large number of con- 
trol subjects.* In addition to physi- 
cal examination, patients had an 
auto antibody screen and immuno- 
logic work-up to exclude collagen 
vascular diseases, and no patient 
with a suspicion of such a condition 
was included in the analysis. 

Three of our cohort had positive 
ACA IgG titers during the study. 
One man, aged 66 years, who had 
had a 4-year history of ischemic 
heart disease had a low positive ti- 
ter on his initial sample and died 
within 24 hours of his myocardial 
infarction. A second man had a low 
positive titer of ACA IgG in addi- 
tion to a low positive titer of ACA 
IgM on days 2 and 3, with normal 
titers on days 1 and 30 after his 
myocardial infarction. He was 60 
years old and had no past history of 
CAD. The female patient, aged 65 
years, who had had a previous myo- 
cardial infarction had a low positive 
titer of ACA IgG on initial sam- 
pling and also on days 2, 3 and 30 
after her myocardial infarction. 

This study shows that elevation of 
ACA IgG, IgM and IgA (24 stan- 
dard deviations above a control 
mean value) occurs infrequently 
(within 30 days) in our cohort of 
older postinfarction patients (mean 
age 64.7 years), being found in only 
9.3% of our patients compared with 
Hamsten’s 21%, and the much 
higher level of seropositivity report- 
ed in other studies.!2 One of our 3 
positive ACA titer patients devel- 
oped ACA positivity after present- 
ing with an acute myocardial in- 
farction: this may represent an 
acute phase response elevation of 
ACA as we have previously report- 
ed to occur in some rheumatoid pa- 
tients.* The other 2 patients had el- 
evated levels of ACA when they 
were first admitted to the hospital, 
implying that the elevated level pre- 
ceded the current myocardial in- 
farction; both had a history of 
CAD. 

This study shows that when strin- 
gent criteria are used for ACA posi- 
tivity, few patients become seropos- 
itive within a month of a myocardi- 
al infarction. The widespread adop- 
tion of reproducible ACA assays 
with strict definitions of ACA posi- 
tivity will lead to less difficulty in 


defining seropositivity in the labo- 
ratory and allow accurate studies 
on associated disease patterns to be 


formed.° 
aa D. Foley-Nolan, mo 
Leeds, United Kingdom 
12 March 1991 
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Diagnosing and 
Differentiating a Doubly 
Committed Ventricular Septal 
Defect from Obstruction in 
the Outflow Tract of the 
Right Ventricle 


It was with some surprise that I 
noted that comments on the fact 
that “approximately 5% of ventric- 
ular septal defects are located high 
in the right ventricular outflow 
tract between the crista supraven- 
tricularis and the pulmonic valve”! 
referenced one of my published 
studies.2 In that study, my col- 
leagues and I pointed to the confu- 
sion that could occur when “‘supra- 
cristal” was used as a descriptor for 
such defects. In reality, the key to 
diagnosis of these defects is the ob- 
servation that the entirety of the 
muscular outlet septum, together 
with the “septal” aspect of the mus- 
cular subpulmonary infundibulum, 
is totally lacking. Because of this, 
the leaflets of the pulmonary valves 
are in fibrous continuity with those 
of the aortic valve, and the interven- 
tricular communication sits be- 
neath both outflow tracts: hence, 


our preference for the terms doubly 
committed and juxta- (or sub) arte- 
rial.23 Once this single anatomic 
fact is recognized, all the apparent 
confusion discussed by Ludomirsky 
et al! with regard to distinction 
from obstruction in the outflow 
tract of the right ventricle is dis- 


pelled. 
Robert H. Anderson, mo, ssc 


London, United Kingdom 
12 March 1991 
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Natural History of Cardiac 
Rhabdomyoma 


I read with interest the article by 
Smythe et al! and agree with their 
comments concerning the invari- 
able spontaneous regression of car- 
diac rhabdomyoma. In 1987 my 
colleagues and I described a case of 
cardiac rhabdomyoma diagnosed 
and followed up prenatally and for 
2 years after delivery by Doppler 
echocardiography.* Spontaneous 
regression of multiple tumor 
masses was documented, thus add- 
ing another case to the 15 patients 
cited by Smythe et al with evidence 
of tumor regression. More impor- 
tant, I wish to highlight the signifi- 
cant contribution of repeated 
Doppler examinations in the hemo- 
dynamic evaluation and manage- 
ment of such patients, which can 
help to avoid repeated cardiac cath- 
eterizations and unnecessary sur- 
gery. Doppler detection of mitral 
and pulmonary regurgitation was 
consequent to tumor masses inter- 
fering with valve closure. Pulmo- 
nary regurgitation disappeared 
concomitantly with tumor mass re- 
gression. Thus I consider the Dopp- 
ler modality, not alluded to in your 


article, to be more important and 
cost-effective than “magnetic reso- 
nance imaging” to “assist in chart- 


ing the course of the lesion.” 
Edward G. Abinader, mo 


Haifa, Israel 
28 March 1991 
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Metoprolol as 
Antihypertensive Drug 


We read with interest the article 
of Schrader et al! on the compari- 
son of the antihypertensive efficien- 
cy of nitrendipine, metoprolol, me- 
pindolol and enalapril using am- 
bulatory 24-hour blood pressure 
monitoring. Although the investi- 
gators demonstrated in an elegant 
way the effectiveness of the antihy- 
pertensive drugs, they overlooked 
the potential hazards of using £- 
blocking drugs, such as metoprolol, 
for the treatment of arterial hyper- 
tension. It is now widely accepted 
that this drug does have deleterious 
effects on the lipid metabolism, 
which could eventually be more 
harmful to the patient.*? Signifi- 
cant increase in triglycerides, total 
cholesterol and the atherogenic in- 
dex as estimated by the ratio 
LDL/HDL cholesterol concentra- 
tions together with a decrease in 
HDL cholesterol are some of the 
most altered metabolic parameters 
that deserve recognition, because in 
some cases these might counteract 
the possible benefit of a reduction in 
blood pressure or the prevention of 
coronary artery disease. 

In contrast to the observations of 
White et al,’ nitrendipine reduced 
the average daily blood pressure, 
one of the important predictors of 
hypertensive heart diseases. 

Because antihypertensive therapy 
implies continued and prolonged 
drug administration, agents with 
neutral or favorable effects on lipid 
metabolism such as nitrendipine,> 
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Nitrendipine Metoprolol - — Mepindolol Enalapril 

0/6 mo. 0/6 mo. 0/6 mo. 0/6 mo. 
Chol 230/231 209/218 223/234 248/246 
TG 150/148 177/192 143/159 180/179 


Chol. = cholesterol; TG = triglycerides. 


in adequate dose, should therefore 
be recommended. 

Dirk Deleu, mo 

Klaus Bohle, mo 

Brussels, Belgium 

23 January 1991 
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REPLY: We appreciated the com- 
ments by Deleu and Bohle. The aim 
of our randomized study was to ex- 
amine whether different drugs that 
show similar antihypertensive ef- 
fects as assessed by casual blood 
pressure measurements possess 
comparable antihypertensive effi- 
cacy during ambulatory monitor- 


ing. On the basis of this study it is 
not possible to give comments on 
the effects of treatment with the 
chosen drugs on patients’ prognosis. 
We can only state that different an- 
tihypertensive regimens do not con- 
fer the same degree of 24-hour am- 
bulatory control. 

As mentioned by Deleu and 
Bohle, 8 blockers are said to have 
unfavorable effects on lipid metab- 
olism. In our study, measurements 
of fasting triglycerides and total 
Cholesterol were also performed. 
No group had significant changes 
in lipids, although there might have 
been a slight tendency toward a mi- 
nor elevation of triglycerides dur- 
ing -blocker therapy (see table 
above). We doubt that the effects of 
6 blockers on lipid metabolism are 
of prognostic importance. 

In contrast, it has clearly been 
shown that 6 blockers were able to 
improve prognosis of hypertensives. 
This has not been shown for the 
drugs recommended by Deleu and 
Bohle. 

It should also be noted that the 
8-selective blocker metoprolol had 
no negative effects on lipids during 
the MAPPHY study, although a 
significant reduction of total mor- 
tality was achieved.! We believe 
that general recommendations for 
the selection of antihypertensive 
drugs should not be based on 
changes of single laboratory pa- 
rameters before a prognostic ad- 
vantage has been proven in clinical 
trials. 

Joachim Schrader, mo 
Gerhard Schoel, mo 
Goettingen, Germany 
3 April 1991 
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Bidirectional ST Shift in 
Ischemic Right Ventricle 


I read with interest the Brief Re- 
port, “Is ST Elevation the Only 
Electrocardiographic Response of 
the Ischemic Right Ventricle?”’ by 
Krueger et al.! The authors state 
that ST elevation may be the only 
electrocardiographic response of 
the ischemic right ventricular free 
wall. I call the attention of the au- 
thors and readers to my publication 
on this subject. We? previously had 
a case of pure right ventricular isch- 
emia in which not only ST-T eleva- 
tion but also ST depression and a T- 
wave inversion were documented 
during angioplasty for proximal 
right coronary artery disease. The 
depressed ST segment and inverted 
T wave were considered to reflect 
subendocardial right ventricular 
ischemia beneath the leads as the 
same mechanism in left ventricular 
subendocardial infarction. There- 
fore, it is difficult to accept the con- 
clusion that “ST elevation is the 
only electrocardiographic response 
of the ischemic right ventricle.” Of 
course, it seems that ST depression 
in response to the ischemic right 
ventricle should only rarely happen. 

Hajime Kataoka, mo 
Oita, Japan 
2 April 1991 
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Cocaine and Myocardial 
Infarction 


Our understanding of cocaine-re- 
lated ischemia has been advanced 
by the recent study of Amin et al.! 
The most intriguing aspect of their 
large cohort of patients was the lag 
time observed between cocaine use 
and onset of chest pain. As they not- 
ed, this supports the hypothesis that 
thrombus formation is the primary 
event in most patients with cocaine- 
associated myocardial infarction. 

The investigators reported that 8 
of 22 patients with acute myocardi- 
al infarction underwent coronary 
angiography. Although the results 
are given, it would also be helpful to 
know the age, coronary risk factors 
and time to chest pain for each of 
those patients. Table II in their re- 
port reveals that although the aver- 
age time to chest pain was 18 hours, 
older patients with more coronary 
risk factors tended to have a shorter 
time to chest pain when compared 
with younger patients with less cor- 
onary risk factors. One would sus- 
‘pect that the older group may not 
have had thrombus as the primary 
event. They may well have had un- 
derlying atherosclerotic disease 
with either superimposed spasm or 
inability to tolerate the increased 
myocardial oxygen demand associ- 
ated with cocaine use. These mech- 
anisms would necessitate a short 
lag time from drug use to the onset 
of chest pain. 

It would not be surprising to find 
that those patients chosen for angi- 
ography were older and with more 
coronary risk factors. This would 
explain the finding of coronary ste- 
noses >70% in half of those studied. 
Perhaps the disclosure of the pa- 
tient characteristics in this group 
will further our understanding of 
cocaine-induced myocardial infarc- 
tion. 


Joseph F. Hakas, Jr., mo 

Buffalo, New York 

28 February 1991 
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REPLY: Dr. Hakas offers an inter- 
esting hypothesis to explain the dif- 
ference in the time to onset of chest 
pain after last use of cocaine in pa- 
tients who did or did not evolve an 
acute myocardial infarction 
(AMI). To investigate this, we re- 
analyzed our data as a function of 
age (see table below). 

Although the numbers are small, 
patients aged >40 years who suf- 
fered an AMI had a shorter interval 
to onset of chest pain compared 
with those aged <40 years. This 
supports the notion that older pa- 
tients may have a limited cardiac 
reserve and so present sooner. It 
may also explain the pathogenesis 
of AMI in older users of cocaine. 

Only 2 of 8 patients who under- 
went cardiac catheterization were 
aged >40 years (47 and 52); both 
had significant coronary stenoses 
(>70% obstruction). Of the re- 
maining 6 patients, 2 had signifi- 
cant stenoses. 

Mahesh Amin, mo 
an, mp 

Jill Karpel, mo 
Peter Buttrick, mo 


Bronx, New York 
15 April 1991 


What’s in a Name? 


Yli-Mayry et al! recently report- 
ed the results of their excellent 
study on the incidence and prognos- 
tic significance of ventricular ar- 
rhythmias after coronary artery by- 
pass surgery. The study was well- 








Time to Onset of Chest Pain 
Age <40 





1.3 + 27.7 hrs 


AMI (n = 16; mean = 32 yrs) 
52.5 + 88.3 hrs 
No AMI (n = 41; mean = 30 yrs) 


AMI = acute myocardial infarction. 


Age > 40 


(n = 6; mean = 48 yrs) 
2.7 + 3.6hrs 

(n = 7; mean = 48 yrs) 
27.4 + 33.6 hrs 


executed and the conclusions were 
supported by the data collected. 
The study may cause some misun- 
derstandings because of the names 
and definitions used. Exercise-in- 
duced “ventricular arrhythmias” 
may have very important prognos- 
tic significance depending on where 
they occur and the type and dura- 
tion of ventricular arrhythmia.’ It 
is obvious that Yli-Mayry et al 
looked at ventricular premature 
complexes during exercise tests be- 
fore and after bypass surgery. Even 
the “complex” forms of ventricular 
arrhythmias, as defined in the mod- 
ified Lown’s classification, are still 
simple ventricular ectopy compared 
with long-lasting, sustained mono- 
morphic ventricular tachycardia. 

We have recently shown that ex- 
ercise-related sustained monomor- 
phic ventricular tachycardia in pa- 
tients with coronary artery disease 
is a marker of a poor prognosis.” 
The electrophysiologic characteris- 
tics of this arrhythmia do not differ 
from those of sustained monomor- 
phic ventricular tachycardia after 
myocardial infarction not related to 
exercise. Actually, in patients with 
sustained ventricular tachycardia 
during exercise, a reentry circuit is 
easily triggered by the increase in 
sinus rate. Extrasystoles are not 
needed. These almost “perfect” re- 
entry circuits are likely to begin 
easily on their own and under a 
large variety of circumstances, 
making recurrence of arrhythmia 
very likely; i.e., sudden arrhythmic 
death is more likely in these pa- 
tients. 

When Yli-Mayry et al discussed 
“ventricular arrhythmias,” they 
should have specified that these 
were only ventricular premature 
complexes. When discussing the 
setting (after bypass surgery), they 
should have made it clear that pa- 
tients did not necessarily have a 
myocardial infarction. 

Ventricular premature complexes 
have no or only a small prognostic 
significance.* Sustained monomor- 
phic ventricular tachycardia during 
or immediately after exercise has a 
strong negative prognostic signifi- 
cance in patients with an old myo- 
cardial infarction before or after 
bypass surgery.” 
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There is a lot in a name.... 
Pedro Brugada, mp 
Aalst, Belgium 
25 March 1991 
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REPLY: We were pleased to learn 
that our study concerning the prog- 
nostic significance of exercise-in- 
duced ventricular premature com- 
plexes after revascularization sur- 
gery had prompted the interest of 
Dr. Brugada. We certainly agree 
that sustained ventricular tachy- 
cardia has a different prognostic 
impact than simple or even “com- 
plex” ectopic beats, as defined by 
Lown. Other classifications, such as 
the parallel hierarchies classifica- 
tion proposed by Myerburg et al,! 
might give better prognostic classi- 
fication in this respect. In fact, in 
our previous Holter study,” we 
found that patients with 25 consec- 
utive premature complexes associ- 
ated with impaired left ventricular 
function after bypass surgery are at 
relatively high risk of sudden death. 
We agree that it might have been 
more informative to replace “ven- 
tricular arrhythmias” with “ven- 
tricular premature complexes” in 
our manuscript. We thank Dr. Bru- 


gada for his constructive criticism. 
Sinikka Yli-Mayry, mo 

Heikki V. Huikuri, mo 

Oulu, Finland 

1 May 1991 


1. Myerburg RJ, Kessler KM, Luceri 
RM, Zaman L, Trohman RG, Estes D, 
Castellanos A. Classification of ventricu- 
lar arrhythmias based on parallel hierar- 
chies of frequency and form. Am J Car- 


diol 1984;54:1355-1358. 

2. Huikuri HV, Yli-Mäyry S, Korhonen 
UR, Airaksinen KEJ, Ikäheimo MJ, Lin- 
naluoto MK, Takkunen JT. Prevalence 
and prognostic significance of complex 
ventricular arrhythmias after coronary 
arterial bypass graft surgery. Int J Car- 
diol 1990;27:333-339. 


A New Pericardiocentesis Set 


In their report on pericardiocen- 
tesis, Park et al! describe a newly 
developed set. The described proce- 
dure is similar to what has previous- 
ly been published.* In the sche- 
matic drawing it is suggested that 
the needle and the catheter are aim- 
ing at the apex and inferior wall of 
the left ventricle. Because of echo- 
cardiographically guided pericar- 
diocentesis also using the subxy- 
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phoid area, we could demonstrate 
that not only the left ventricle, but 
also the anterior wall of the right 
ventricle is the area where the nee- 
dle and the catheter are leading to 
when the introducer is directed 
toward the left axilla using an angle 
of 20 to 30° from the horizontal 
plane. This is demonstrated here in 
Figure 1. 

This understanding is important 
in detecting complications, includ- 
ing puncture of the heart, that oc- 
cur at the anterior wall of the right 
ventricle, with the needle aiming at 
the left axilla or the right atrium 


aiming at the right axilla. 
Raimund Erbel, mo 
Mainz, Republic of Germany 
25 March 1991 


1. Park SC, Pahl E, Ettedgui JA, Fischer 
DR, Beerman LB, Neches WH. Experi- 





FIGURE 1. Schematic drawings dem- 
onstrating subxyphoid pericardial cen- 
tesis with puncture of needle (a), intro- 
duction of J-guidewire (b), introduction 
of 8Fr-sheath catheter (c), introduction 
of pigtail catheter over guidewire (d), 
and withdrawal of guidewire (e). (Re- 
prigtod with permission from Erbel et 
al.~) 


ence with a newly developed pericardi- 
ocentesis set. Am J Cardiol 1990;66: 
1529-1531. 

2. Merx W, Schweizer P, Krebs W, Effert 
S. Verbesserte Punktionstechnik des Peri- 
kards und Quantifizierung von Perikar- 
dergiissen mittels Ultraschall. Dtsch Med 
Wochenschr 1979;104:19-21. 

3. Erbel R, Pfeiffer C, Schreiner G, Mey- 
er J. Perkutane Perikarddrainage. In: 
Ginther RW, Thelen M, eds. Interven- 
tionelle Radiologie. Stuttgart: Thieme, 
1988:291-297. 


REPLY: As indicated in our article, 
there are several commercially 
available pericardiocentesis sets. 
However, these sets are primarily 
designed for adults, and their in- 
dwelling catheters are large (7 to 
8Fr), cumbersome, and too long for 
use in the pediatric age group, par- 
ticularly for newborn infants. Fur- 
thermore, our pericardiocentesis set 
requires no extra percutaneous 
sheath and thus facilitates rapid in- 
troduction of the catheter into the 
pericardial space. In most centers, 
there are also individually assem- 
bled pericardiocentesis sets, as de- 
scribed by Dr. Erbel et al.’ 
Because the purpose of our brief 
communication was to introduce a 
new pericardiocentesis set primari- 
ly used for the pediatric age group, 
the general description of the proce- 
dure was simplified in the article 
and we only used the subxyphoid 
approach for this initial experience. 
_ The pericardiocentesis technique 
indicated in our article does not 
suggest aiming the needle toward 
the left ventricle or apex, although 
the schematic diagram (Figure 2)! 
might lead to that belief. This fig- 
ure is a diagrammatic illustration 
of the procedure and an attempt to 
represent a 3-dimensional structure 
with a 2-dimensional diagram. In 
fact, our diagrammatic representa- 
tion is not anatomically quite accu- 
rate. However, our description in 
the article clearly indicates that the 
needle should be aimed toward the 
left axilla. Thus, the needle is aim- 
ing toward the right ventricle and 
not the left ventricle or apex of the 
heart. Ideally, the entering point of 
the needle should be close to the 
anterior and inferior aspects of the 
pericardial space. We prefer to 
place the drainage catheter inferi- 


orly and posteriorly to the ventricle 
because the pericardial effusion 
tends to accumulate more in that 
area. However, if the guidewire is 
directed anteriorly during the ini- 
tial attempt, then the drainage 
catheter is placed accordingly. 
Drainage with this position was ef- 
fective because the pericardial 
space is contiguous. Safe and effec- 
tive pericardial drainage can be 
achieved by judicious utilization of 
cross-sectional echocardiographic 
guidance during the initial ap- 
proach, as well as during the proce- 
dure. 

The potential complication of 
puncturing the right ventricle dur- 
ing pericardiocentesis by the subxy- 
phoid approach is well-known and 
there was no reason to reiterate this 
fact in an article which described a 
new tool rather than the technique 


itself. 
Sang C. Park, mo 


Pittsburgh, Pennsylvania 
1 May 1991 


Quantitative Analysis of 
Wenckebach Periodicity 


Kupfer and Kligfield' have made 
an impressive contribution to both 
factual and conceptual knowledge 
of the Wenckebach period. Many 
biologic phenomena require appro- 
priate statistical evaluation to de- 
tect not only their prevalence but 
also their variability to more closely 
approach descriptive truth. These 
investigators have done not only 
that, but they have provided a solu- 
tion for cardiologists who are re- 
peatedly confronted by measure- 
ments that don’t match textbook 
descriptions. Demonstrations that 
the “classic” Wenckebach period is 
relatively exceptional?-4 are appro- 
priately noted by Kupfer and Klig- 
field,! who confirm these older re- 
ports with a 20% prevalence in their 
large series. Moreover, they offer a 
long overdue generalized mathe- 
matical solution aimed at defining 
the R-R interval variability (in- 
creased, decreased or unchanged) 
resulting from varying P-R incre- 
ments algebraically summed with 
changing P-P intervals. 

This much needed contribution 
can be completed by the investiga- 


tors from certain other information 
which should be available, viz.: (1) 
What, if any, different Wencke- 
bach structures (numbers of cycles, 
P-P and P-R behaviors) occurred 
within the same patient? (2) How 
many Wenckebach periods could 
occur during a given 24 hours? (3) 
Vagotonia: (a) Since Holter moni- 
toring necessarily included sleeping 
hours, what was the effect of this 
highly vagotonic period on the 
numbers and structures of Wencke- 
bach periods? (b) Similarly, what 
was the effect of meals?° (c) What 
treatments were common among 
these patients, particularly vagoac- 
tive substances like digitalis? (4) 
The investigators use the term “in 
vivo Wenckebach episodes”; what 
is meant by in vivo? Is there an “in 
vitro” or electronic model to com- 
pare such in vivo phenomena with? 
These remarks are not intended 
to criticize, but rather to request 
completion of a superb contribution 
to the Wenckebach phenomenon’s 
understanding (analysis) and 
teaching (“tell it as it is”). 
David H. Spodick, mo, psc 
Worcester, Massachusetts 
9 May 1991 


1. Kupfer JM, Kligfield P. A generalized 
description of Wenckebach behavior with 
analysis of determinants of ventricular cy- 
cle-length variation during ambulatory 
electrocardiography. Am J Cardiol 1991; 
67:48 1-486. 

2. Denes P, Levy L, Pick A, Rosen KM. 
The incidence of typical and atypical A-V 
Wenckebach periodicity. Am Heart J 
1975;89:26-31. 

3. Friedman HS, Gomes JAC, Haft JI. 
An analysis of Wenckebach periodicity. J 
Electrocardiol 1975;8:307-315. 

4. El-Sheriff N, Aranda J, Befeler B, 
Lazzara R. Atypical Wenckebach period- 
icity simulating Mobitz II AV block. Br 
Heart J 1978;40:1376-1383. 

5. Rokowski RJ, Spodick DH. Prandial 
effects on cardiac function and responses. 
Am Heart J 1989;118:1078-1082. 


REPLY: We are, of course, greatly 
pleased by Dr. Spodick’s kind com- 
ments, and we hope that our gener- 
alized description of Wenckebach 
behavior will increase appreciation 
of this phenomenon and assist in its 
teaching. “In vivo” was intended to 
contrast electrocardiographic ob- 
servations in ambulatory, neurohu- 
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morally intact people with experi- 
mental observations in paced 
hearts! or in isolated conduction 
tissue*+ in which the contribution 
of sinus variability to Wenckebach 
periodicity is masked. Sample size, 
patient selection and study design 
in our study group do not permit us 
to adequately answer the physiolog- 
ic questions posed by Dr. Spodick. 
We did not record the occurrence of 
meals, and, importantly, we did not 
control for disease etiology or age in 
quantifying Wenckebach behavior 
in our patients. Among our pa- 
tients’ 65 episodes of Wenckebach 
block, 65% occurred during night 
hours and 35% occurred during day 
hours, but no statistically signifi- 
cant differences in pattern or in 
governance of cycle-length varia- 
tion were found between these 
groups. Fourteen patients had 
paired episodes of day and night 
Wenckebach behavior; in 7, the 
governance of cycle-length varia- 
tion was the same during both peri- 
ods, while the remaining 7 patients 
showed a trend toward greater noc- 
turnal dependence of cycle-length 
variation on changing incremental 
PR interval. There was a trend 
toward a higher prevalence of 
lengthening RR intervals in the 
60% of Wenckebach episodes re- 
corded in patients not taking digi- 
talis, but differences were not sig- 
nificant and the mechanisms gov- 
erning direction of cycle-length 
variation were similar in all pa- 
tients. Each of these issues requires 
clarification by controlled, paired 


observations. 
Paul Kligfield, MD 
New York, New York 
Joel M. Kupfer, mo 
Los Angeles, California 
22 May 1991 


1. Spear JF, Moore EN. Influence of 
brief vagal and stellate nerve stimulation 
on pacemaker activity and conduction 
within the atrioventricular conduction 
system of the dog. Circ Res 1973;32: 
27-41. 

2. Simson MB, Spear JF, Moore EN. 
Electrophysiologic studies on atrioven- 
tricular nodal Wenckebach cycles. Am J 


Cardiol 1978;41:244-257. 

3. Meredith J, Mendez C, Mueller WJ, 
Moe GK. Electrical excitability of atrio- 
ventricular nodal cells. Circ Res 1968; 
23:69-85. 

4. Cranefield PF, Klein HO, Hoffman 
BF. Conduction of the cardiac impulse: I. 
Delay, block, and one-way block in de- 
pressed Purkinje fibers. Cire Res 1971;28: 
199-291. 


Medical Versus Surgical 
Management of Intracardiac 
Rhabdomyomas 


The report by Pillai et al,! entitled 
“Mitral Valve Origin of Peduncu- 
lated Rhabdomyomas Causing 
Subaortic Stenosis,” describes an 
infant with a rhabdomyoma at- 
tached to the anterior mitral valve 
leaflet causing left ventricular out- 
flow tract obstruction. The report 
describes the interesting anatomic 
and pathologic findings after surgi- 
cal removal of this benign tumor. 
However, the precise indications 
for surgical intervention are not 
stated. The patient was noted to be 
normal in his development, and his 
examination was benign, with good 
perfusion and pulses, and was only 
significant for a grade 2/6 outflow 
murmur. Chest x-ray was also not- 
ed to be normal. Doppler echocardi- 
ography revealed a peak systolic 
gradient of 50 mm Hg. 

We recently described spontane- 
ous regression of these tumors in 
infants and children.» We found 
that these tumors tend to regress at 
a constant rate such that the cir- 
cumference decreases by approxi- 
mately 2 mm/month. These find- 
ings are supported by a recent study 
by Smythe et al? that showed re- 
gression of tumor size in 100% of 24 
patients with rhabdomyomas dur- 
ing a 20-year period. Both these 
studies* recommend surgery only 
for patients with refractory dys- 
rhythmias or severe hemodynamic 
compromise from the tumor. Nei- 
ther of these conditions appeared to 
be present in the patient described 
by Pillai et al. 
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While large tumors in the left or 
right outflow tract may make the 
clinician quite nervous, published 
data suggest that unless there is sig- 
nificant symptomatology from out- 
flow tract obstruction or dysrhyth- 
mia, these tumors should be 
watched for spontaneous regres- 
sion. 

Robert D. Ross, mo 
Zia Q. Farooki, mo 

Detroit, Michigan 
22 April 1991 


1. Pillai R, Kharma N, Brom G, Becker 
AE. Mitral valve origin of pedunculated 
rhabdomyomas causing subaortic steno- 
sis. Am J Cardiol 1991;67:663-664. 

2. Farooki ZQ, Ross RD, Paridon SM, 
Humes RA, Karpawich PP, Pinsky WW. 
Spontaneous regression of cardiac rhab- 
domyoma. Am J Cardiol 1991;67:897- 
899. 

3. Smythe JF, Dyck JD, Smallhorn JF, 
Freedom RM. Natural history of cardiac 
rhabdomyoma in infancy and childhood. 
Am J Cardiol 1990;66:1247-1249. 


REPLY: We thank Drs. Ross and 
Farooki for their interesting com- 
ments. We share their experience 
that these hamartomatous lesions 
should be watched carefully only, 
unless serious symptomatology ne- 
cessitates otherwise. But aren’t we 
all operating in an arena of con- 
stantly evolving opinions? The pa- 
tient we described was seen in 1987. 
The large size of the tumor and the 
peak systolic pressure gradient of 
50 mm Hg were considered suffi- 
cient indications for surgery. At the 
time, we were all slightly more 
“nervous” than we would be today. 
In fact, we are presently in the pro- 
cess of putting together our experi- 
ences with intracavitary “tumor” 
masses in infants, being impressed 
by the same observations men- 


tioned by Ross and Farooki. 
Ramakrishna Pillai, mo 
Nabil Kharma, mo 
Gerard Brom, mo 
Abu Dhabi, United Arab Emirates 
Anton E. Becker, MD 
Amsterdam, the Netherlands 
21 May 1991 


Atrial Natriuretic Peptide 
and Cyclic Guanosine 
Monophosphate Response to 
Cardioversion of Atrial 
Flutter or Fibrillation 


Sakti Mookherjee et al! reported 
on elevated atrial natriuretic pep- 
tide (ANP) levels in patients with 
atrial flutter and fibrillation re- 
gardless of the presence or absence 
of congestive heart failure. After 
cardioversion, ANP levels de- 
creased in all patients independent 
of cardioversion mode. In the same 
setting we measured ANP and its 
second messenger cyclic guanosine 
monophosphate (cGMP) in 12 pa- 
tients before cardioversion, as well 
as 15, 30, 45 and 60 minutes after 
cardioversion. In a control group we 
assessed the influence of the anes- 
thetic agent propofol on the 
ANP/cGMP system in 6 patients 
without rhythm disturbance or 
heart disease. We found no changes 
in ANP or cGMP during propofol 
anesthesia. ANP correlated statis- 
tically significantly (p >0.05) with 
cGMP in both groups (r = 0.88 in 
the control group and r = 0.76 in 
the cardioversion group). 

Patients with atrial flutter or fi- 
brillation had markedly elevated 
plasma levels of both ANP and 
cGMP compared with control pa- 
tients. After successful direct cur- 
rent cardioversion, ANP and 
cGMP levels decreased significant- 
ly in all but 1 patient within 15 and 
30 minutes, respectively. One pa- 
tient with severe myocarditis had 
slight increases in ANP and cGMP 
despite conversion to sinus rhythm 
and decrease in heart rate. We as- 
sume that successful cardioversion 
in patients with severe structural 
heart disease does not necessarily 
influence the ANP/cGMP system 
because of a possible compensatory 
mechanism of ANP to cardiac dys- 
function.” 

In addition, we found a cGMP re- 
lease of 150 + 18/mol ANP in pa- 
tients of the control group; in the 
cardioversion group the cGMP re- 
lease was only 109 + 54/mol ANP 
indicating a minor response of tar- 
get cells to ANP stimulation (re- 
ceptor down regulation). Finally, 
we conclude that ANP correlates 
well with cGMP, which is much 


easier to measure lacking well- 
known preanalytic and analytic 
problems of ANP measurement.? 
Moreover, restoration of sinus 
rhythm does not always result in a 


decrease in ANP and cGMP. 
Peter Lechleitner, mo 
Norbert Genser, mo 
Gottfried Mitterschiffthaler, mo 
Bernd Puschendorf, mo 
Franz Dienstl, mo 


Innsbruck, Austria 
28 May 1991 


1. Mookherjee S, Anderson G, Smulyan 
H, Suman-Vardan. Plasma atrial natri- 
uretic peptide response to cardioversion of 
atrial flutter and fibrillation and role of 
associated heart failure. Am J Cardiol 
1991;67:377-380. 

2. Weil J, Bidlingmaier F, Dohlemann C, 
Kuhnle U, Strom T, Lang RE. Compari- 
son of plasma atrial natriuretic peptide 
levels in healthy children from birth to 
adolescence and in children with cardiac 
diseases. Pediatr Res 1986;20:1328- 
1331. 

3. Wencker M, Hauptlorenz S, Moll W, 
Puschendorf B. Influence of blood pres- 
sure, heart rate, age, and sex on concen- 
trations of atrial natriuretic factor and cy- 
clic guanosine monophosphate in 124 vol- 
unteers. Clin Chem 1989;35:1519-1523. 


“Anything to be done right 
has got to be done by people 
that make their living at it” 


The editor’s editorial with the 
above title (Am J Cardiol 1991; 
67:445-446) makes interesting 
(and amusing) reading. Indeed, as 
you point out, the message is 
clear—the full-time physician of- 
fers the best patient care. I venture 
to suggest, however, that your 
statement that present-day physi- 
cians are better than those of the 
past, while correct, does not stand 
up to the analogy with the golfer, 
or, for that matter, with any type of 
sportsman. Sportsmen have im- 
proved their performances by 
achieving greater and better results 
from the use of their natural physio- 
logic and anatomic powers. The ef- 
fective changes made in the “tools 
of their trade” have, in fact, been 
minimal. Physicians, and especially 
cardiologists, on the other hand, 
have improved their diagnostic and 
therapeutic prowess by the increas- 
ing availability of new and highly 


sophisticated and complicated 
tools. Indeed, the availability of 
such tools has, to the regret of many 
old-timers, resulted in a consider- 
able reduction in the ability to cor- 
rectly assess a patient’s condition 
by the application of so-called 
“physical diagnosis.” 

Anyone who had the privilege to 
observe the late Dr. Paul Wood, in 
London, or, in more recent times, 
Dr. John Barlow, in Johannesburg, 
examining a patient and making a 
correct diagnosis of an often com- 
plicated cardiac condition at the 
bedside, would agree that that type 
of skill is now rarely applied. While 
it may be debatable whether or not 
this affects the overall physicians’ 
standards, it becomes clear that the 
modern cardiologist requires en- 
tirely different skills to those of for- 
mer generations. The “Stance and 
Swing” of the physician have not, in 
fact, remained the same. Imagine 
what would happen to a golfer’s 
performance if he had computer 
software guiding him during his 
round, with precise electronic con- 
trol of the direction travelled by the 
golf ball, and electronic boosting of 
the distance it could travel! A good 
round of golf on an 18 hole course 
could presumably be achieved in 18 
shots! But then, who would want to 
sponsor a tournament? And how 
many people would want to play 
this game? 

Monty M. Zion, mo 
Jerusalem, Israel 
29 May 1991 


Ventricular Late Potentials in 
Patients with Acute 
Myocardial Infarction and 
Early Thrombolytic 
Treatment 


We read with interest the study 
by Zimmermann and co-workers! 
demonstrating a lower incidence of 
late ventricular potentials (LVPs) 
in patients with acute myocardial 
infarction (AMI) and early throm- 
bolytic therapy. In our study, we 
evaluated signal-averaged electro- 
cardiograms of 58 patients with 
AMI and thrombolytic therapy us- 
ing a similar recording technique, 
but qualitative criteria.2 Our re- 
cordings, obtained 5 to 10 days af- 
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ter AMI, demonstrated statistically 
insignificant lower incidence of 
LVPs in patients with reperfusion 
after thrombolytic treatment than 
in those without. However, 3.3 + 
0.7 (mean + standard deviation) 
hours after thrombolytic treatment, 
we observed a significantly higher 
incidence of LVPs in patients with 
successful thrombolytic therapy 
than in those without. These LVPs 
correlated with increased incidence 
and complexity of ventricular ec- 
topic activity (“‘reperfusion ar- 
rhythmias”), observed on Holter 
recordings. Finally, there was a sig- 
nificantly larger decrease in inci- 
dence of LVPs between the 2 obser- 
vations in patients with successful 
thrombolysis than in those without. 
From these findings we propose 
that the presence of LVPs for a few 
hours after reperfusion and the ab- 
sence of LVPs during the chronic 
phase of AMI is the most typical 
finding in successful thrombolytic 
therapy. Successful thrombolysis 
probably leads to temporary devel- 
opment of areas with delayed prop- 
agation of action potential and high 
ectopic activity, manifested as 
LVPs; but after a few days the de- 
layed electric activity of these areas 
is less often present than in patients 


with AMI and no reperfusion. 
Dusan Stajer, msc 
Primoz Rode, ps: 
Ljubljana, Slovenia, Yugoslavia 
31 May 1991 


1. Zimmermann M, Adamec R, Ciaroni 
S. Reduction in the frequency of ventricu- 
lar late potentials after acute myocardial 
infarction by early thrombolytic therapy. 
Am J Cardiol 1991;67:697-703. 

2. Rode P, Stajer D, Tomazic M, Pohar 
B, Horvat M. Late potentials accompany 
reperfusion arrhythmias after acute myo- 
cardial infarction. In: Belhassen B, Feld- 
man S, Copperman Y, eds. Cardiac Pac- 
ing and Electrophysiology. Proceedings of 
the 8th World Symposium on Cardiac 
Pacing and Electrophysiology: Jerusalem, 
1987:313-318. 


Parental History of Acute 
Myocardial Infarction and 
Coronary Artery Disease in 
Men 


Colditz et al! concluded that a pa- 
rental history of myocardial infarc- 
tion (MI) was independently asso- 


ciated with increased risk for coro- 
nary artery disease (CAD) in men 
aged 40 to 75 years. This study was 
exceptional in a number of respects, 
primarily the very large sample 
size, the use of various medical re- 
cords to corroborate self-reported 
MI, and the prospective nature of 
the study. Certain limitations in the 
methods appear to leave open the 
possibility that the influence of pa- 
rental history may not be indepen- 
dent but may be accounted for en- 
tirely by known risk factors, many 
of which aggregate in families. 

First, although over 50,000 (33%) 
of those invited to participate in the 
study returned the mailed question- 
naire, >100,000 (67%) chose not to 
participate. Thus, the sample in- 
cluded for study may have been 
strongly biased in a number of 
ways. 

Second, parental history of MI, 
the independent variable in this 
study, was determined exclusively 
by self-report. This method has 
questionable reliability,? especially 
with regard to age of onset. In addi- 
tion, parental history of other dis- 
eases, which could be indirectly re- 
lated to CAD in offspring, such as 
hypertension or diabetes, was not 
assessed. Similarly, although oc- 
currence of CAD, the dependent 
measure, was ultimately deter- 
mined by evaluation of medical re- 
cords, autopsy, etc. following a re- 
port from the subject or next-of-kin 
of a possible MI, health problems or 
causes of death other than CAD 
were apparently not verified as such 
in similar fashion. Additional cases 
of MI may therefore have been 
overlooked. 

Third, and most importantly, 
presence of CAD risk factors also 
was determined solely by self-re- 
port. As has been discussed previ- 
ously in more detail,’ self-report of 
risk factors is often unreliable and 
can lead to severe underreporting of 
such risk factors. For example, Col- 
ditz et al reported a 12.7% rate of 
“*hypercholesterolemia’’ among 
men whose parents both suffered an 
MI (Table II). This rate is less 
than half the proportion of adults 
aged 25 to 59 years with a family 
history of CAD found by Mann et 
al* to have serum cholesterol >6.5 
mmol/liter (approximately 250 
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mg/dl), placing them at increased 
risk for CAD. Even with recent 
heightened awareness of elevated 
lipids among the population, many 
persons remain unaware of their 
cholesterol level.» Underreporting 
of hypercholesterolemia is impor- 
tant here because of clear evidence 
that it occurs much more frequently 
in those with versus those without 
a family history of cardiovascular 
disease. Thus, much of the vari- 
ability in CAD attributable to an 
“independent” effect of parental 
history could actually be due to the 
well-known familial aggregation of 
lipids. In addition, other risk factors 
obtained in this study by self-report 
may have been subject to inaccura- 
cy because of pressures to respond 
in socially desirable ways (e.g., cur- 
rent smoking, alcohol intake, body 
weight and height). 

Finally, the authors began the 
Discussion by concluding that their 
results reveal “a strong association 
between parental history of MI and 
risk of CAD that is independent of 
... history of hypertension, hyper- 
cholesterolemia, ... .” (p. 937). 
Yet, they appeared to hedge their 
bets 2 paragraphs later by admit- 
ting that “hypertension and hyper- 
cholesterolemia, rather than con- 
founding variables, are likely part 
of the mechanism or pathway by 
which parental history may exert 
its influence on the risk of CAD 
among offspring,’ a statement 
these authors have made previous- 
ly.’ The distinction between paren- 
tal history of MI as an independent 
risk factor versus a proxy for the 
familial aggregation of known 
CAD risk factors is important be- 
cause the former implies the influ- 
ence of some unknown, and possibly 
genetic, factor that needs to be 
identified and controlled, whereas 
the latter suggests that parental his- 
tory may simply be a useful marker 
for identifying those who may sub- 
sequently require closer risk factor 
evaluation.*.° 

Kenneth A. Perkins, pno 
Pittsburgh, Pennsylvania 
31 May 1991 
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Right Bundle Branch Block 
Induced by Right Ventricular 
Involvement in Inferior Wall 
Left Ventricular Acute 
Myocardial Infarction 


I read with interest the report by 
Ricou et al! on the influence of 
right bundle branch block (RBBB) 
on survival after inferior wall Q- 
wave myocardial infarction. I feel 
that this report makes an important 
scientific contribution, but unfortu- 
nately it did not address the impact 
of RBBB caused by right ventricu- 
lar (RV) infarction on clinical char- 
acteristics and prognosis. Because 
many patients with inferior wall 
myocardial infarction are expected 
to have RV involvement? and asso- 
ciated RBBB originating from RV 
wall injury,*-> it is desirable to di- 
vide the patients with inferior wall 
myocardial infarction and associ- 
ated RBBB into 2 subsets of pa- 
tients, 1 with and the other without 
_ RV involvement. Our recent expe- 
rience from a limited number of pa- 
tients?-5 suggests that extensive and 
severe RV infarction frequently ac- 


companies RBBB. Previous publi- 
cations also confirmed this.3 We 
speculate that the location of the 
block in RV infarction exists in the 
more distal right bundle branch, 
compared with left ventricular wall 
infarction, since the electrocardio- 
graphic characteristics indicate an 
incomplete form of RBBB.® When 
RBBB appears concurrently with 
signs of RV infarction, it is reason- 
able to consider initially that the 
RBBB might be induced by RV in- 
farction. Of course, it might be dif- 
ficult at times to ascertain whether 
RBBB originates from RV infarc- 
tion or left ventricular wall infarc- 
tion. However, I think that several 
electrocardiographic characteris- 
tics? are helpful for distinguishing 
the 2 conditions; as mentioned, the 
conduction delay complicating in 
RV infarction appears as an incom- 
plete form. It often appears tran- 
siently during the acute phase of 
RV infarction, presumably reflect- 
ing the reversible nature of this con- 
dition. During the hyperacute 
phase of RV infarction, concomi- 
tant precordial ST elevation often 
obscures the presence of RBBB. 
Thus, serial electrocardiographic 
examination is required to catch 
RBBB complicating acute RV in- 
farction. 
Hajime Kataoka, mo 
Oita, Japan 
3 June 1991 
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Anatomic and Electrical 
Correlations of the Heart 


Butman and colleagues in this Jour- 
nal! reported the results of pre- and 
posttransplantation electrocardio- 
grams of the same donor heart. 
They described posttransplantation 
“rotation of the heart on its long 
axis,” based on the precordial tran- 
sition zone occurring further to the 
left after transplantation. They 
failed to provide any documenta- 
tion of the frequency or extent of 
the anatomic rotation, but refer- 
enced Wexler’s publications, 
which describe rotation of the heart 
around the aortic root, causing the 
coronary artery orifices to arise 
more posteriorly. This would in- 
deed leave the apex more posterior 
in the left hemithorax. That is not 
the same as rotating around the 
long axis, which will produce little 
change in the intersection of the 
plane of the septum and the precor- 
dial leads. 

Nevertheless, they assert that 
movement of the transition zone 
validates the “unipolar” concepts of 
Wilson et alt and Goldberger near- 
ly 40 years ago. The electrical posi- 
tions of unipolar theory did involve 
rotations around the long axis of the 
heart, which were postulated to be 
extreme enough to cause VL and 
VF leads to face the same ventricle 
as leads over the right and left pre- 
cordial leads. 

Grant’s study,® which Butman et 
al disparage as “contrived,” was a 
precise autopsy study, unlike the 
theoretical bases for Wilson’s and 
Goldberger’s analyses. Grant found 
that rotations of the heart around 
its longitudinal axis rarely occur, 
and are limited to only 15 degrees 
or less. 

The fact that the heart has a fixed 
conduction system insures that if 
the heart is moved within the tho- 
rax, such as in dextrocardia or dex- 
troversion, the transition zone of 
the precordial leads and the mean 
electrical axis of the frontal plane 
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will predictably change. Boden and 
Neukirch’ demonstrated that phe- 
nomenon in 1918. However, they 
also demonstrated that rightward 
electrical axis occurred in infant 
hearts without rotation in any axis. 

In 1961, we published studies of 
the anatomic orientation of the 
heart using biplane angiocardio- 
grams and 12-lead electrocardio- 
grams in 53 patients.* No signifi- 
cant correlation was found between 
(1) the anatomic and electrical axes 
in the frontal plane, (2) the electri- 
cal axis in the frontal plane and ro- 
tation of the heart about its longitu- 
dinal axis, or (3) the anatomic loca- 
tion of the interventricular septum 
and the transition zone of the pre- 
cordial leads. Using a skeleton and 
a heart model, we demonstrated 
that the electrical positions of Wil- 
son and Goldberger required rota- 
tions around the long axis of the 
heart that were far outside the 
range of proven rotations. 

In short, moving or rotating a 
heart assuredly can change its vec- 
tors but the surface electrocardio- 
gram can never reliably determine 
the position of the heart (without 
independent anatomic informa- 
tion), which was the goal of uni- 
polar electrocardiography. 

Butman and colleagues acknowl- 
edged that Grant’s study® disputed 
the unipolar concept, but claimed 
that the concept has remained 
“moot” since then. Considering 
that Goldberger’s textbook subse- 
quently dropped “unipolar” from 
the title, and the term disappeared 
from journals, a more accurate de- 
scription of the state of the concept 
may be “moribund” rather than 
“moot.” 

The observations reported by 
Butman et al are not in dispute, but 
their attempt to use them to vali- 
date a failed concept, “unipolar” 
electrocardiography, is seriously 
flawed. Their work certainly does 
not discredit Robert Grant’s work, 
the man who led us toward modern 
vectorial analysis of the electrocar- 
diogram. 

Warren G. Guntheroth, mo 
Seattle, Washington 
12 March 1991 
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Dr. Guntheroth’s comments were for- 
warded to Dr. Butman and colleagues of- 
fering them an opportunity to prepare 
a REPLY. Dr. Butman and associates 
elected not to do so. 


Ventricular Tachycardia and 
Accelerated Ventricular 
Rhythm Presenting in the 
First Month of Life 


I read this paper by Van Hare and 
Stanger in the January 1 issue of 
the Journal, and found it quite in- 
teresting. I am not sure, however, 
that the conclusions follow from the 
results. The article starts out with 
14 infants. They actually should be 
called neonates because they pre- 
sented at <1 month of age. Two are 
excluded because of prolonged QT 
which is good; 2 are excluded be- 
cause they died of unrelated condi- 
tions. Thus, there are 10 who are 
available for study. However, of 
these 10, five were treated, at least 
for a period of time, and in 4 treat- 
ment was believed to be successful. 
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Therefore, we are down to 5 or 6 
infants who are untreated and then 
followed. At the end, a rather 
sweeping conclusion is then made 
from 5 patients. 

Another interesting fact in this 
article is that echocardiography 
showed that all 12 had structurally 
normal hearts. The study occurred 
from 1968 to the present. I am not 
certain how echocardiography was 
used in 1968 and 1969 to evaluate 
the normalcy of the heart. My re- 
membrance is that in 1969 and 
1970 people were just beginning to 
experiment with M-mode echocar- 
diography in larger children and I 
doubt seriously if it could have 
made an adequate examination of 
the normalcy of the heart in a new- 
born in that period of time. 

Another interesting facet of the 
article is that 3 of the patients were 
treated with digoxin, 1 with associ- 
ated propranolol. This makes me 
wonder what the initial treating 
physicians were thinking about and 
whether their diagnosis was in truth 
a supraventricular arrhythmia. 

I would agree that most ventricu- 
lar tachycardias that occur in in- 
fants will eventually resolve. How- 
ever, in my experience, true ven- 
tricular tachycardia has been asso- 
ciated with hemodynamic collapse 
on a number of occasions. I believe 
that true accelerated ventricular 
rhythm is a benign disease. I also 
believe that it is difficult to dis- 
tinguish accelerated ventricular 
rhythm from ventricular tachycar- 
dia in the newborn period. I have 
seen cases that started out as accel- 
erated ventricular rhythm but end- 
ed up as severe ventricular tachy- 
cardia in patients with hamartomas 
that were undetectable by any 
means except for exploratory thora- 
cotomy. I therefore recommend 
careful monitoring of neonates and 
infants with any ventricular dys- 
rhythmia. If the ventricular dys- 
rhythmia falls outside of the defini- 
tion of accelerated ventricular 
rhythm, i.e., 10% faster than the si- 
nus rate at the time it starts or >200 
beats/min, treatment should be in- 
stituted. In patients who do not 
meet the criteria for ventricular 
tachycardia, I recommend repeat 
Holter monitoring on a very fre- 
quent basis and consideration of 


transtelephonic monitoring so that 
the parents can send rhythm strips 
over the telephone if they detect 
any slight change in the patient’s 
degree of well being. In this way, it 
is hoped that important ventricular 
dysrhythmias will not be missed. 
The title of the article is also 
somewhat confusing in that it 
lumps ventricular tachycardia and 
accelerated ventricular rhythm but 
then focuses on ventricular rhythm. 
If one were only to read the abstract 
it is possible to believe that ven- 
tricular tachycardia should not be 
treated as well as accelerated ven- 
tricular rhythm. I believe that ven- 
tricular tachycardia should not only 
be treated but should be treated vig- 


orously and abolished in infants. 
Paul C. Gillette, mo 


Charleston, South Carolina 
26 April 1991 
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REPLY: We appreciate Dr. Gil- 
lette’s comments concerning our 
paper. We would start by pointing 
out that of 10 neonates with accel- 
erated ventricular rhythm available 
for follow-up, 5 were “successfully” 
treated, although the indications 
for treatment were quite marginal. 
All 10 were completely asymptom- 
atic and the fastest heart rate was 
200 beats/min. The outcomes were 
similar in the treated and non- 
treated groups in that all patients 
are alive and well without arrhyth- 
mia and the time to resolution was 
similar in the groups. Clearly these 
data would not support a conclusion 
that antiarrhythmic therapy in this 
group is of benefit. While we agree 
that the number of patients is small, 
it represents our center’s 22-year 
experience with an arrhythmia that 
is rare in neonates. Considering the 
well-recognized benign nature of 
accelerated ventricular rhythm in 
children and adults as well as the 
increasingly well-recognized risks 
of proarrhythmia associated with 
the use of antiarrhythmic agents, 
we do not feel that our recommen- 
dation to withhold therapy in neo- 
nates is so “sweeping.” 


Concerning the issue of echocar- 
diography, we perhaps did not sup- 
ply sufficient details. All infants 
were thought to have structurally 
normal hearts on physical examina- 
tion, chest roentgenogram and, in 
10 patients, by the most advanced 
echocardiography available at the 
time. Infants 1 and 2, presenting in 
1972 and 1974, did not have echo- 
cardiograms; however, they died of 
unrelated conditions. To put it more 
precisely, echocardiograms were 
normal in the 10 patients available 
for follow-up. All 10 have had fol- 
low-up to the present and are still 
considered to have structurally nor- 
mal hearts. 

The reason for the use of digoxin 
in the neonate with long QT syn- 
drome is readily explained. In 1968, 
he was referred from another hospi- 
tal where he had been successfully 
treated with digoxin for whathad 
been diagnosed as supraventricular 
tachycardia but was actually poly- 
morphous ventricular tachycardia. 
Conventional wisdom dictated 
against the use of digoxin in ven- 
tricular tachycardia, consequently 
it was discontinued when he was 
transferred to UCSF. His arrhyth- 
mia recurred and required cardio- 
version. Therapeutic trials with sev- 
eral other agents including propan- 
alol proved unsuccessful and the 
patient required multiple cardio- 
versions. In desperation, digoxin 
was reinstituted with complete con- 
trol of the arrhythmia. 

In contrast, the reason for the use 
of digoxin in 3 patients with accel- 
erated ventricular rhythm was not 
always clear from the record. In 1, 
there were associated premature 
atrial contractions. In another, the 
diagnosis was initially thought to 
be junctional tachycardia, but the 
correct diagnosis was established 
when clear fusion complexes were 
seen. In a third, the diagnosis was 
known to be accelerated ventricular 
rhythm, and the attending cardiolo- 
gist chose digoxin. 

Dr. Gillette’s careful approach to 
neonates with accelerated ventricu- 
lar rhythm is similar to ours. The 
principle difference seems to be Dr. 
Gillette’s greater concern about 
possible progression to true ventric- 
ular tachycardia. We have not ob- 
served such a progression in our 22- 


year experience, but our hospital 
was not a major referral center for 
pediatric arrhythmias during the 
period of the study. 

The purpose of our article was to 
report our total long-term experi- 
ence with ventricular dysrhythmias 
presenting in neonates and to con- 
trast the differences between ven- 
tricular tachycardia and acceler- 
ated ventricular rhythm in this age 
group. It is unfortunate that there 
was some confusion about the rec- 
ommendations made concerning 
treatment. Perhaps this is due to the 
emphasis on the benign nature of 
accelerated ventricular rhythm and 
only brief comments about the 
treatment of ventricular tachycar- 
dia. We never meant to suggest that 
ventricular tachycardia should be 
left untreated. The final sentence of 
the abstract and the final para- 
graph of the article both clearly re- 
fer to withholding treatment in ac- 
celerated ventricular rhythm. This 
recommendation does not apply to 
true ventricular tachycardia in neo- 
nates, which should be treated vig- 


orously. 
George F. Van Hare, mo 
San Francisco, California 
24 June 199] 


Mechanical Failure of a St. 
Jude Medical Prosthesis 


The recent report by Orsinelli and 
co-authors! about the fracture of 1 
leaflet of a St. Jude Medical pros- 
thesis again raises the problem of 
mechanical failure of all human- 
made devices; some are less prone 
to these failures than others, but 
none can be completely free from 
them. Four years ago, in Johannes- 
burg, I observed the case of a St. 
Jude Medical prosthesis which, 
during implantation, had a fracture 
remarkably similar to that pub- 
lished by Orsinelli et al (Figure 1). 
The valve had just been implanted 
by a very senior surgeon who cate- 
gorically denied that any undue 
force had been applied. Of impor- 
tance is that this obviously very del- 
icate prosthesis has weaknesses, one 
of which appears to be in the longi- 
tudinal line, just outside the pivots. 
It is not unlikely that in the case 
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reported by Orsinelli et al the valve 
could have been damaged at the 
time of implantation. Whatever the 
case, the leaflets are susceptible to 
intrinsic or extrinsic strain and can 
break. This may occur early, as in 
our case, where the prosthesis could 
have been explanted immediate- 
ly—or later, as in Orsinelli’s case, 
potentially leading to fatal conse- 
quences. I have also witnessed the 
fracture of the disc of a Medtronic- 
Hall valve, approximately 6 months 
after implantation. Neither case 
was reported in the medical litera- 
ture but the manufacturers and the 
Food and Drug Administration 
were informed of both occurrences, 
which were the only known exam- 
ples of mechanical failure among 
over 2,000 implantations of each 
one of these 2 devices. 

Nothing is unbreakable in this 
world. Prosthetic mechanical valves 
are obviously not exceptions. It is 
therefore essential to exercise the 
utmost care not to affect their in- 


tegrity sos sd ge rn 
. y MD, PhD 


University of Coimbra 
Coimbra, Portugal 
14 June 1991 
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Antibody HAMS56 is Not 
Macrophage-Specific in 
Vein Autografts 


Antibody HAMS6 is not macro- 
phage-specific because it cross-re- 
acts with vascular endothelial 


cells,! vascular smooth muscle cells 
(Figure 8b in Reference 1), and 
with myofibroblasts in juvenile 
xanthogranuloma.” Having used 
this antibody, Amano et al* visu- 
alized not only macrophages, but 
also vascular endothelial structures 
and, most probably, also immature 
smooth muscle cells. This is evi- 
denced by a presence of immunore- 
active elongated vascular structures 
incompatible with macrophages in 
their Figures 1b and 2a. 

In return, the investigators* raise 
an extremely important and in- 
triguing question: Why do foam 
cells disappear successively from 
the intimal thickening in vein auto- 
grafts while these cells are present 
in arterial atherosclerosis? One 
feels intuitively that this phenome- 
non must be related to an increase 
of the intraluminal pressure and, 
consequently, to an increase of the 
circumferential tension in aortocor- 
onary bypass vein autografts. In- 
creased circumferential tension re- 
sults from a passive stretching of 
the vascular wall or from its active 
contraction and leads to a forma- 
tion of compensatory intimal thick- 
ening.’ Undifferentiated mesen- 
chymal cells migrate into the inti- 
ma and, being “stretched,” start to 
form cytoplasmic myofilaments® in 
order to compensate the increased 
circumferential tension. This accel- 
erates their differentiation into 
smooth muscle cells and shortens 
the period during which they are 
able to carry out lipid phagocyto- 
sis.’ In contrast, the arterial intima 
is protected from stretch by the 
well-adapted media and its cells are 
not stimulated urgently to build 
up smooth muscle myofilaments. 
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Instead, they phagocytize lipids 
which maintain their intracellular 
cyclic adenosine monophosphate at 
a low level’ and induce their trans- 
differentiation into macrophage- 
like cells.® 
| Jiri T. Beranek, mo 
Detroit, Michigan 
21 June 1991 
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Low HDL with elevated 
LDL and triglycerides: 


A common denominator of 


many heart attack victims 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are common 
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Comparison of Risk and Patterns of Practice in Patients Older 
and Younger than 70 Years with Acute Myocardial Infarction 
in a Two-Year Period (1987-1989) 

Terrence J. Montague, Roland M. Ikuta, Roger Y. Wong, Kyung S. Bay, 
Koon K. Teo, and Norman J. Davies 


Mortality risk and patterns of practice in patients with acute myocardial 
infarction (AMI) aged >70 years were compared with AMI patients <70 
years. In group 1, 20% of patients presented without typical cardiac pain, 
compared with 6% in group 2 (p <0.01). Other conventional risk factors 
were not different in the 2 groups. In-hospital mortality was markedly 
higher in group 1 (27%) than in group 2 (8%), p <0.01. Multivariate 
analysis revealed previous AMI, presentation without typical pain and age 
>70 years to be independently associated with excess mortality risk. Post- 
AMI exercise testing, ejection fraction calculations and coronary angiog- 
raphy were performed less often (p <0.01) and thrombolysis, 6 blockers, 
aspirin and nitrates were all administered less frequently (p <0.01) in 
older than in younger patients. These results confirm similar data of other 
recently reported AMI patient cohorts. It remains uncertain why older 
and higher risk AMI patients are investigated and treated differently from 
their younger counterparts. 


Noses ie Mae gah NA a Ieee ome E dat ERE? Tes Es EL 
Effects of Early Thrombolytic Therapy (Anistreplase Versus 
Streptokinase) on Enzymatic and Electrocardiographic Infarct 
Size in Acute Myocardial Infarction 

Labros Karagounis, Fidela Moreno, Ronald L. Menlove, Steven Ipsen, 
Jeffrey L. Anderson, and the TEAM-2 Investigators 


The effects of thrombolytic therapy on enzymatic and electrocardiograph- 
ic indexes of myocardial infarction examined in 370 patients enrolled 
within 4 hours of onset of symptoms and were randomized to blinded 
therapy with intravenous anistreplase (30 U /5 minutes, n = 188) or strep- 
tokinase (1.5 million IU /hour, n = 182). Early patency was associated 
with significant reductions in the peak values for creatine kinase, creatine 
kinase-MB, lactic dehydrogenase (LDH) and LDH-1 (averaging 21 to 
25%, p <0.01 to 0.001); times to peaks were reduced for 3 enzymes. 
Treatment with anistreplase was associated with enzymatic peaks that 
tended to be lower than with streptokinase (by 6 to 16%), approaching or 
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Kontron removes the barriers to better care. But that’s only 
half the story. 
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thrombo-resistance. When you use Kontron IABs, you have 
greater assurance of balloon integrity, even in the wide range 
of patients you see every day. 


Kontron offers more choices, too—all double lumen: 

e The only IAB cleared for sheathless insertion. 

e Flexicath’ no-memory flexible catheters with superb 
kink recovery... plus the MaK Sleeve” mobile access 
repositioning sleeve. 








e An expanded range of multisize IAB catheters— 
30cc (8F), 40cc (9F), and 50cc (10F). And Kontron 
IABs may be used with other IABPs. 


Kontron offers innovations with a purpose: a systems 
approach to safer, more effective counterpulsation. 
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and IABP, and a copy of the article “Events Associated with 
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reaching significance for LDH (p $0.07) and LDH-1 (p $0.04); times to 
peaks were similar. Early patency favorably affected electrocardiographic 
indexes. Summed ST-segment elevations resolved more rapidly (p 
<0.04), Q-wave amplitude was reduced (p <0.01 ), and total QRS-infarct 
score at discharge was less (by 22%, p <0.006) in those achieving early 
patency. Electrocardiographic indexes did not differ with drug treatment. 
These results support use of early reperfusion to reduce infarct size with 
administration of anistreplase and streptokinase. 


857 
Long-Term Efficacy of Continuous and Intermittent Use of 
Transdermal Nitroglycerin in Stable Angina Pectoris 

Paul A. de Milliano, Rudolph W. Koster, Frits W. Bar, Johan Janssen, 
Carel de Cock, Adri Schelling, and Arjan van de Bos 





A randomized, placebo-controlled trial of intermittent and continuous use 
of transdermal nitroglycerin (10 mg/24 hours) was conducted in 127 
patients with stable angina to assess long-term (14 days) efficacy. Total 
exercise duration was considered the main end point to assess efficacy 
during consecutive symptom-limited exercise testing. Mean baseline exer- 
cise duration was comparable in the 3 groups: 399 + 110 seconds (mean + 
standard deviation). On the first day of randomization a significant in- 
crease in total exercise duration was observed in both the continuously 
treated group (469 + 158 seconds) and the intermittently treated group 
(475 + 171 seconds). After 14 days of treatment a trend toward a decrease 
in efficacy was observed in the continuously treated group versus the 
intermittently treated group in which exercise duration increased slightly 
to 483 + 140 seconds on day 14. The same treatment effects were seen for 
time to 1-mm ST-segment depression. 
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Effectiveness of Probucol in Reducing Plasma Low-Density 
Lipoprotein Cholesterol Oxidation in Hypercholesterolemia 

Luis Masana, M. Teresa Bargalló, Nuria Plana, Agnes LavVille, Isidre Casals, 
and Rosa Sola 


Twenty-five patients (10 men and 15 women) with total cholesterol levels 
>6.5 mmol/liter were administered probucol for 24 weeks. Lipid and 
apoprotein measurements were obtained at 0, 12 and 24 weeks. Thiobar- 
bituric acid (TBA )-reacting substances were measured in plasma and the 
low-density lipoprotein (LDL) fraction. Twenty-five normolipidemic sub- 
jects matched for sex, age and body mass index underwent complete blood 
analysis for purposes of comparison at week 0. Plasma, LDL and high- 
density lipoprotein cholesterols, and plasma apoproteins A-I and B signifi- 
cantly decreased after 12 and 24 weeks of probucol treatment. Hypercho- 
lesterolemic subjects (men and women) had significantly higher TBA- 
reacting substances in plasma and LDL than control subjects had (p 
<0.05). The amount of TBA-reacting substances in plasma and LDL 
showed a very significant decrease after probucol treatment (40 and 44%, 
respectively, after 24 weeks; p <0.05). 
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868 
Evaluation of Transient Mitral Regurgitation in Coronary 
Artery Disease 

George Fehrenbacher, Donald H. Schmidt, and William J. Bommer 





Because the pathoanatomy and factors associated with transient stress- 
induced mitral regurgitation (MR) are unknown, 2-dimensional and color 
flow echocardiography images in 27 patients undergoing exercise tread- 
mill testing and in 15 patients undergoing percutaneous transluminal 
coronary angioplasty (PTCA) were examined. New transient MR was 
associated with more severe stress-induced ventricular dyskinesia (p 
<0.05, exercise and PTCA groups) and with apical displacement of the 
mitral valve leaflet (p <0.05, exercise group), and was not associated with 
changes in blood pressure, mitral anular diameter or prolapse. Thus, 
transient stress-induced, ischemic MR is associated with ventricular dys- 
kinesia and not with the development of mitral valve prolapse. 


7 LARSSON E bie inate ears ics eae TEE Va BOWES PR A te On DEY DER E OO 
Effects of Low-Dose Aspirin on Restenosis After Coronary 
Angioplasty 

Roger R. Taylor, Frances A. Gibbons, Geoffrey D. Cope, G. Neil 
Cumpston, Geoffrey C. Mews, and Peta Luke 


Two weeks after coronary angioplasty, 216 subjects were randomized to 
treatment with soluble aspirin, 100 mg/day, or placebo. Over 6 months, 
restenosis occurred in 38 of 108 (35%) aspirin-treated and 45 of 104 
(43%) placebo-treated subjects (p = not significant). Restenosis of lesions 
occurred in 42 of 168 (25%) treated with aspirin and in 51 of 135 (38%) 
treated with placebo (p <0.025). The mean loss of lumen diameter was 
less in the aspirin group (p <0.01). This small but significant effect of 
aspirin, along with other evidence for a beneficial effect in patients after 
coronary events, suggests that aspirin therapy should be continued after 
coronary angioplasty. 


OY g. aS RAPD die el We aE Me A OOP ENBEN he ORE MN MEE Tg E 
In-Hospital Costs Associated with New Percutaneous Coronary 
Devices 

Ronald J. Dick, Jeffrey J. Popma, David W.M. Muller, Karen A. Burek, 
and Eric J. Topol 


Length of stay and in-hospital charges were compared in 149 patients 
undergoing elective coronary angioplasty (n = 50), coronary atherectomy 
(n = 72) or intracoronary stent placement (n = 27). Total in-hospital stay 
was significantly longer in patients undergoing intracoronary stent place- 
ment than in patients undergoing coronary angioplasty or directional 
atherectomy (4.9 + 2.4 days vs 1.5 + 1.3 and 2.2 + 3.9 days, respectively; 
p <0.0001). Furthermore, total in-hospital charges were significantly 
higher in patients undergoing intracoronary stent placement ($12,574 + 
$4,564 vs $6,220 + $5,716; p <0.001) and directional atherectomy 
($8,329 + $8,588 vs $6,220 + $5,716; p <0.01) than in patients undergo- 
ing coronary angioplasty, reflecting overall differences in room costs, 
laboratory fees and pharmacy fees. It is concluded that a 102 and 34% 
increase in early hospital charges resulted with stenting or directional 
atherectomy, respectively, compared with coronary angioplasty. 
Continued on page A23 
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887 

Prevalence, Characteristics and Significance of Ventricular 
Premature Complexes and Ventricular Tachycardia Detected 
by 24-Hour Continuous Electrocardiographic Recording in the 
Cardiac Arrhythmia Suppression Trial 

Pablo Denes, Anne M. Gillis, Yudi Pawitan, James M. Kammerling, Lars 
Wilhelmsen, David M. Salerno, and the CAST Investigators 


The prevalence, characteristics and significance of ventricular arrhyth- 
mias were evaluated in 1,498 patients who were randomized to encainide, 
flecainide or placebo in the Cardiac Arrhythmia Suppression Trial. Mean 
frequency of ventricular premature complexes (VPCs) at baseline was 133 
+ 257 VPCs/hour. Nonsustained ventricular tachycardia (VT) was pres- 
ent in 22% of patients. Accelerated idioventricular rhythm was also pres- 
ent in 22% of patients. There was a significant association between VPC 
frequency, the presence of VT and mortality /resuscitated cardiac arrest in 
the active treatment group. There was no relation between the frequency 
of VPCs, the presence of VT, and mortality in the placebo group. Acceler- 
ated idioventricular rhythm confers no additional risk of mortality beyond 
that associated with VPCs. An association between mortality and pres- 
ence of accelerated idioventricular rhythm was not observed. 


897 
Clinical and Electrophysiologic Characteristics of Exercise- 
Related Idiopathic Ventricular Tachycardia 

Lluis Mont, Tamer Seixas, Pedro Brugada, Josep Brugada, Frank 
Simonis, Luz M. Rodriguez, Joep L.R.M. Smeets, and Hein J.J. Wellens 





In 37 (70%) of 53 patients with idiopathic ventricular tachycardia (VT) 
episodes were related to exercise (group 1). These patients were younger 
and more often had dizziness during tachycardia than the 16 patients in 
whom tachycardia was not related to exercise. Patients in group 1 needed 
cardioversion less often to terminate their arrhythmia. VT was initiated 
during exercise testing in 62% of patients in group 1 but in only 1 patient in 
group 2 (p = 0.004). Isoproterenol infusion facilitated the induction of the 
tachycardia in 45% in group 1 and in 25% in group 2 patients. After a 
mean follow-up of 2.9 + 2.5 years, 22% of group 1 patients and 31% of 
group 2 had at least | episode of tachycardia. Only 1 patient died sudden- 
ly. Class III drugs were the most useful in preventing recurrences. Beta- 
blocking agents were of little value in both groups. Patients with VT and a 
structurally normal heart have a good prognosis despite recurrences of 
their arrhythmia. The relation to exercise of the arrhythmia has no prog- 
nostic implications. 
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ne eee Se Sinai ee ed 
Periodicity of Global Ventricular Activation of Sinus Beats in 
Patients with Coronary Artery Disease and Sustained 
Ventricular Tachycardia 

Nancy A. Branyas, Dennis M. Cassidy, and Michael E. Cain 


The morphology, duration and local activation times of 9,816 transmural, 
transeptal and epicardial ventricular electrograms during 6 consecutive 
sinus beats were compared on a beat-to-beat basis in 10 patients with 
abnormal signal-averaged electrocardiograms undergoing intraoperative 
mapping and surgery for ventricular tachycardia. There were no signifi- 
cant differences in the beat-to-beat variations in electrogram durations 
(1.9 + 1.4 ms per site) or local activation times (1.7 + 2.0 ms per site) 
during the 6 cardiac cycles analyzed in each patient. These electrogram 
characteristics were reproducible regardless of epicardial or intramural 
location, temporal occurrence during the cardiac cycle, inherent electro- 
gram quality, or proximity to the site of myocardial infarction. Results 
demonstrate that epicardial, transmural and transeptal electrograms dur- 
ing sinus rhythm from patients with remote myocardial infarction and 
ventricular tachycardia are periodic signals and thus establish a physiolog- 
ic basis for temporal-averaging electrocardiographic waveforms in these 
patients. 


ce PN a ia SWE STE: AE ead a PRR Bc ON eM ge Et Eee Eh a 
A Cellular Transtelephonic Defibrillator for Management of 
Cardiac Arrest Outside the Hospital 

Gavin W.N. Dalzell, Pascal P. McKeown, Michael J.D. Roberts, and A.A. 
Jennifer Adgey 


A cellular transtelephonic defibrillator was tested on 211 calls to which a 
physician-manned mobile coronary care unit responded over distances up 
to 15 miles in an urban area. Satisfactory electrocardiographic transmis- 
sion and voice communication were established in 172 of 211 (81.5%) 
calls. One hundred direct-current shocks of 50 to 360 J were effectively 
administered to 22 patients with 48 episodes of ventricular fibrillation or 
ventricular tachycardia, with successful correction of 46 of 48 episodes 
using | to 4 shocks per episode. 


ei asta D A o E ae EO ge ee I he 
Lack of Reproducibility of Frequency Versus Time Domain 
Signal-Averaged Electrocardiographic Analyses and Effects of 
Lead Polarity in Coronary Artery Disease 

William Emmot and James L. Vacek 


Time domain signal-averaged electrocardiographic parameters are consis- 
tent over the short-term. This has not been verified for the frequency 
domain. Also, the effects of lead polarity changes on signal-averaged 
electrocardiographic parameters are not known. Signal-averaged electro- 
cardiography (3 consecutive studies) was performed on 15 patients using 
the Arrhythmia Research Technology model 1200 EPX with X, Y and Z 
leads. Time domain variables included filtered QRS, root-mean-square 
voltage of the last 40 ms of the QRS and duration of signals <40 nV. Two 
frequency domain area ratios were analyzed: a 140-ms window including 
the last 40 ms of QRS and 100 ms of ST; and a 140-ms window beginning 
Continued on page A30 
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H: n proven to significantly reduce 
the incidence of myocardial infarction 
recurrence? 


NIACIN Niacin has been proven to reduce 
the incidence of definite nonfatal recurrent 
MI. In a 6-year prospective study the inci- 
dence of definite nonfatal MI was 10.4% for 
the niacin group (1,119 patients) and 14.7% for 
those receiving placebo. ! 





R s total cholesterol, LDL-cholesterol 
and triglycerides? 


NIACIN and LOVASTATIN The bile acid 
sequestrants may raise triglycerides.” Gem- 
fibrozil is effective in lowering triglycerides, 
but has variable effects on LDL-cholesterol. 
Lovastatin effectively lowers LDL and total 
cholesterol, but has only a modest effect on 
triglyceride levels. Niacin reduces total choles- 
terol, LDL-cholesterol and triglycerides. 2-3 


Prescribe NIACOR niacin 
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yid-Lowering Therapy 


ich Lipid-Lowering Agent... 






drug of choice for LDL-cholesterol 
reduction in the NCEP (National Cholesterol 
Education Program, 1988) report? 


NIACIN and BILE ACID SEQUESTRANT 
These two agents were recommended by the 
NCEP as first-line therapy in reducing 
LDL-cholesterol.? 


luées progression of coronary artery 
disease when used with colestipol? 


NIACIN and LOVASTATIN The CLAS tri 
demonstrated a significant reduction in lesion 
progression with the niacin/colestipol group.- 
In the FATS trial niacin/colestipol was 
compared to lovastatin/colestipol.+ Both agen 
effectively halted the progression of athero- 
sclerotic lesion. The best coronary angiograp! 
results were found in the niacin subgroup. 


First for Exceptionally Cost-Effective Lipid Theray 





For more information call toll free 1-800-654-2299 


UPSHER-SMITH Committed to Niacin Education 


NCEP drug of choice in patients with 
h cholesterol and hypertriglyceridemia? 


ACIN Niacin was specified as the NCEP 
g of choice in patients with both high 
lesterol and high triglycerides. (Bile acid 
uestrants may elevate triglycerides. )? 





\CIN Approximate costs per year are 

orted in the literature as: niacin—$50 to 
0; gemfibrozil—$600; lovastatin — $500 
‘2,1004 and cholestyramine — $500.2 


vell tolerated at effective doses 
the majority of patients? 


\CIN, LOVASTATIN, GEMFIBROZIL, 
CHOLESTYRAMINE Although 

\statin and gemfibrozil are better tolerated, 

st patients can be maintained at effective 

e levels of all four agents.?-3-4 
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BRIEF SUMMARY: For full prescribing information, please See package 
insert. 

INDICATIONS: Since no drug is innocuous, strict attention should be paid to 
the indications and contraindications, particularly when selecting drugs for 
long term use. Niacor® niacin tablets are indicated as adjunctive therapy in 
patients with significant hyperlipidemia (elevated cholesterol and/or 
triglycerides) who do not respond adequately to diet and weight loss. 


Notice: It has not been established whether the drug-induced lowering of 
serum cholesterol or triglyceride levels has a beneficial effect, no effect, or a 
detrimental effect on the moribidity or mortality due to atherosclerosis 
including coronary heart disease. Investigations now in progress may yield 
an answer to this question. igh 

CONTRAINDICATIONS: Niacor® niacin tablets, are contraindicated in patients 
with a known idiosyncrasy to niacin, with hepatic dysfunction, with active 
ae ulcer or with arterial bleeding. 

RNINGS: Use of this drug in pregnancy, lactation or in women of child 
bearing age requires that the potential benefits of the drug be weighed 
against its possible hazards to the mother and child. Although fetal 
abnormalities have not been reported with this drug, its use as an 
antilipidemic agent requires high dosages, and animal reproduction or 
teratology studies have not been done. There are insufficient studies done 
for usage in children. 


KEEP OUT OF REACH OF CHILDREN. 


PRECAUTIONS: Great caution must be exercised when niacin is used in 
patents with coronary disease or gallbladder disease. Patients with a past 
istory of jaundice, liver disease or peptic ulcer should be observed closely 
while taking the medication. Frequent monitoring of liver function tests and 
blood glucose should be performed during therapy to ascertain that the 
drug has no adverse effects on these organ systems. Antihypertensive 
drugs of the adrenergic-blocking type may have an additive vasodilating 
effect and produce postural hypotension. Elevated uric acid levels have 
occurred, therefore use with caution in patients predisposed to gout. 
DRUG INTERACTIONS: Antihypertensive drugs may have an additive 
vasodilating effect and ponen postural hypotension. Diabetic or potential 
diabetic patients should be observed closely in the event of decreased 
glucose tolerance. Adjustment of diet and/or hypoglycemic therapy may be 
necessary. 
ADVERSE REACTIONS: 


Atrial fibrillation and other cardiac Severe generalized flushing 
arrhythmias Activation of peptic ulcers 

Decreased glucose tolerance Jaundice 

Abnormalities of hepatic functional tests Dryness of the skin 

Gastrointestinal disorders Pruritus 

Acanthosis Nigricans Toxic amblyopia 

Hyperuricemia Transient headache 

anaes 

OVERDOSAGE: High doses of nicotinic acid may produce temporary 


flushing, eS and gastrointestinal distress. 

DOSAGE AND ADMINISTRATION: Usually Recommended Adult Dosage — 
1to 2 grams three times a day. The dosage must be adjusted to the response 
of the patient. Start with two tablets (1g) three times a day with food or after 
meals, taken with cold liquids, if necessary, to facilitate swallowing. Since 
low doses may control hyperlipidemia in some patients, the dosage 

should be individualized according to the effect on serum lipid levels. If the 
plasma cholesterol and/or triglyceride level does not show a decrease after 
a reasonable time at this dosage, an increase in dosage may be considered 
but requires careful titration and observation of the patient for unwanted 
effects. The dosage may be increased every 2 to 4 weeks, but in no case 
should the dosage exceed 6 grams a day. 


Since flushing, pruritus and gastrointestinal distress appear frequently and 


‘tend to be dose-related, increase the dosage gradually in increments of 


500mg (1 tablet) while carefully observing the patient and monitoring the 
plasma cholesterol and/or triglyceride level for therapeutic response and for 
adverse effects. Where the observed adverse reactions or potential hazards 
exceed the benefits of use, dosage should be reduced to the minimum 
recommended dosage and, where necessary, discontinued entirely. 

HOW SUPPLIED: White scored tablets with “NIACOR” imprinted on one 
side, containing 500 mg niacin each, in bottles of 100. NDC#0245-0066-11. 
Dispense in tight container as defined in the USP. Store at controlled room 
temperature, 15°-30°C (59°-86°F). 


CAUTION: Federal law prohibits dispensing without a prescription. 
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at QRS onset (both 20 to 50/0 to 20 Hz). Values were compared for each 
lead, as well as for a vector composite and the arithmetic mean of the 3 
leads. X lead polarity was reversed between the first and second studies, 
and then returned to standard for the third study. Time domain variables 
correlated closely among the studies irrespective of lead polarity, with r 
values of 0.993 to 1.000 (p <0.0001). Frequency domain parameter 
correlation was much poorer, with r values as low as 0.273. Frequency 
domain correlations between tests 1 and 2 and 2 and 3 (mean r = 0.778) 
were poorer than between tests | and 3 (mean r = 0.829), implying an 
effect of lead polarity change. 


SYSTEMIC HYPERTENSION 


OIB o aig eh 2 Dre se Meee es DED Aa ee ek 
Exercise-Induced Secretion of Atrial Natriuretic Factor and Its 
Relation to Hemodynamic and Sympathetic Stimulation in 
Untreated Essential Hypertension 

Robert J. Cody, Spencer H. Kubo, John H. Laragh, Steven A. Atlas, Alex 
Shaknovich, and Kathleen Ryman 


The current study evaluated the release of atrial natriuretic factor (ANF; 
fmol/ml) during maximal exercise in 7 patients with untreated moderate 
to severe hypertension, with invasive monitoring of hemodynamic charac- 
teristics and sympathetic activity. Significant increases in heart rate (77 + 
24 to 156 + 20 beats/min) and mean arterial pressure (150 + 26 to 192 + 
29 mm Hg) were observed, with pulmonary wedge pressure increasing 
from 7 + 3 to 18 + 10 mm Hg (p <0.03). With exercise, ANF increased 
from 11.7 + 8.2 to 25.7 + 15.9 fmol/ml (p <0.02). Plasma norepi- 
nephrine was inversely correlated with pulmonary wedge pressure (r = 
—0.811; p <0.05) and ANF (r = —0.869; p <0.05). In 5 of 7 patients with 
simultaneous venous and right ventricular ANF, exercise-induced signifi- 
cant increases were consistent with myocardial production, and were 
further supported by a marked increase in cardiac secretory rate. There- 
fore, ANF increased with exercise in patients with untreated hypertension 
as a result of active myocardial production. While related to increased 
atrial tension, ANF increases were inversely related to sympathetic re- 
sponse to exercise, suggesting modulation by contractile function. 


DED PEEL Oe RI YS MIS x AS a AT SPRUE ces Ye Oy at Le 
Influence of the Arterial Blood Pressure and Nonhemodynamic 
Factors on Left Ventricular Hypertrophy in Moderate Essential 
Hypertension 

Frank R. Bauwens, Daniel A. Duprez, Marc L. De Buyzere, Tine L. De 
Backer, Jean M. Kaufman, José Van Hoecke, Alex Vermeulen, and 

Denis L. Clement 


The relation between left ventricular (LV) mass as assessed by echocardi- 
ography, and the indexes of office and ambulatory blood pressure (BP) 
monitoring, and a number of hormones including parathyroid, aldosterone 
and plasma renin activity was studied in 36 untreated subjects with mild to 
moderate essential hypertension. Significant correlations of LV mass in- 
dex with 24-hour systolic (r = 0.395, p = 0.026) and diastolic (r = 0.499, 
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p = 0.004) BP were obtained, whereas correlations with office BP were 
not significant. Renin activity (r = 0.346, p = 0.05) and aldosterone 
(r = 0.559, p <0.001) correlated with LV mass index, but the most 
significant correlation was found with intact parathyroid hormone (r = 
0.759, p <0.0001 ), which remained highly significant after adjusting the 
relation for ambulatory BP parameters. These results suggest that a num- 
ber of nonhemodynamic factors (e.g., hormones) may be partly involved 
in the development of LV hypertrophy in untreated mild to moderate 
essential hypertension. 


VALVULAR HEART DISEASE 


930 

Effectiveness of Percutaneous Balloon Mitral Valvotomy 
During Pregnancy 

Cesar A. Esteves, Auristela I.O. Ramos, Sergio L.N. Braga, J. Kevin 
Harrison, and J. Eduardo M.R. Sousa 


The management of the pregnant woman with medically refractory con- 
gestive heart failure due to mitral stenosis remains controversial. Thirteen 
women underwent balloon mitral valvotomy during pregnancy because of 
symptoms of congestive heart failure due to rheumatic mitral stenosis. 
Valvotomy was successful in all cases with an increase in mitral valve area 
from 0.9 + 0.3 to 2.1 + 0.3 cm?. No maternal or fetal mortality occurred. 
All women had prompt, dramatic improvement in symptoms of congestive 
heart failure. Twelve of the 13 women have delivered at a mean gestation 
of 38 + 0.5 weeks. The 11 singlet pregnancies have resulted in full-term, 
healthy infants with mean birth weight of 3.2 kg. The only twin pregnancy 
resulted in premature delivery at 32 weeks. Both premature infants died 
secondary to respiratory failure. One patient is still pregnant and is free of 
cardiac symptoms. Balloon mitral valvotomy can be performed safely 
during pregnancy and effectively relieves symptoms of congestive heart 
failure. Balloon mitral valvotomy offers an effective alternative for the 
pregnant patient with severe mitral stenosis and congestive heart failure 
not controlled by medical treatment. 


935 
Effects of Long-Term Vasodilator Therapy on 
Electrocardiographic Abnormalities in Chronic Aortic 
Regurgitation 

Richard Wilson, Neal Perlmutter, Nils Jacobson, Deirdre Siemienczuk, 
Jadwiga Szlachcic, J. David Bristow, Melvin Cheitlin, Barry Massie, and 
Barry Greenberg 





The effects of long-term vasodilator therapy on electrocardiographic 
changes were studied in 60 patients with chronic isolated aortic regurgita- 
tion before and after double-blind, randomized administration of either 
oral hydralazine or placebo. Patients had minimal or no symptoms, left 
ventricular (LV) enlargement and preserved ejection fraction initially. 
ST-segment depression was measured in lead Vs, and the Romhilt-Estes 
point scores for LV hypertrophy were calculated after 18.6 + 5.9 months’ 
follow-up. The baseline electrocardiograms were similar in the 2 study 
groups. However, at follow-up, hydralazine-treated patients had a signifi- 
Continued on page A39 
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cant reduction in ST depression and LV hypertrophy score compared with 
patients receiving placebo, as well as significant decreases in LV end- 
diastolic and end-systolic volume indexes, and a significant increase in 
ejection fraction. LV mass was not significantly changed over time in 
either group. These results demonstrate that reduction of chronic LV 
volume overload with long-term vasodilator therapy is associated with 
improvement in electrocardiographic abnormalities, and suggest that such 
therapy may beneficially affect the natural history of patients with chronic 
aortic regurgitation. 


940 

Effects of Percutaneous Mitral Valvuloplasty on Left 
Ventricular Mass and Volume 

Marc D. Tischler, Martin St. John Sutton, John A. Bittl, and 
John D. Parker 


Quantitative 2-dimensional echocardiographic analysis was performed 1 
+ 2 months before and 11 + 5 months after percutaneous balloon mitral 
valvuloplasty in 15 patients with rheumatic mitral stenosis. Left ventricu- 
lar end-diastolic volume, a measure of preload, increased after valvulo- 
plasty (from 69 + 22 to 82 + 26 ml, p <0.01). Left ventricular mass 
increased from 181 + 46 to 200 + 42 g (p <0.005) without a change in the 
mass-to-volume ratio. End-systolic volume and ejection fraction did not 
change. Thus, in this cohort of patients, the left ventricle responded to 
successful valvuloplasty by developing an increased end-diastolic volume 
and mass. 


MISCELLANEOUS 


OIS Hoe ME = ec a ER SARE SRE SS a Re GA LIS Ser PEM 
Effects of Exercise on Left Ventricular Diastolic Performance 
in Trained Athletes 

J. V. Nixon, Alasdair R. Wright, Thomas R. Porter, Valerie Roy, and 
James A. Arrowood 


To determine the effects of increased left ventricular (LV) wall mass on 
indexes of LV diastolic filling in dynamically trained elite athletes, serial 
Doppler echocardiograms were obtained from 10 elite athletes (mean age 
21 years) at rest, during supine graded bicycle exercise and during recov- 
ery, and at heart rates of 80, 120 and 140 beats/min. Similar studies were 
obtained in 10 age-matched control subjects. Whereas no significant dif- 
ferences were found between athletes and control subjects at rest, signifi- 
cant increases were seen in athletes during exercise in echocardiographi- 
cally derived peak filling and normalized peak lengthening rates, and in 
Doppler-derived total time-velocity integral, early peak filling velocity and 
E/A ratio. These differences were significant at higher levels of exercise 
and during early recovery, showing a significant enhancement in indexes 
of LV diastolic filling in dynamically trained elite athletes. 
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Age-Related Changes in Aortic Elasticity Determined by Gated 
Radionuclide Angiography in Patients with Systemic 
Hypertension or Healed Myocardial Infarcts and in Normal 
Subjects 

Michio Shimojo, Nobuyuki Tsuda, Toshiji lwasaka, and Mitsuo Inada 


Gated radionuclide angiography was used to investigate age-related 
changes in aortic elasticity in 22 normal control subjects, 30 hypertensive 
patients and 36 patients with old myocardial infarction. The aortic volume 
elasticity (Ve) was determined as a ratio of the pressure change (sphygmo- 
manometer) and the percent volume change (radionuclide angiography) 
in the aortic arch. Ve increased significantly with age in normal control 
subjects (r = 0.62, r <0.001), hypertensive patients (r = 0.60, p <0.001 ) 
and patients with old infarcts (r = 0.59, p <0.001). The age-related 
increase in Ve was significantly greater in hypertensive patients, and the 
Ve increase in patients with old myocardial infarcts tended to be greater 
than in control subjects. Thus, hypertension accelerated the decrease in 
aortic elasticity with aging. 


EDITORIAL 


So ae NELA LPN EMAILS SITE LENE e ROE REECE PEE OSS es AS 
Are We Biased in Our Approach to Treating Elderly Patients 
with Heart Disease? 

Salim Yusuf and Curt D. Furberg 
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957 

Value of the Electrocardiogram for Prediction of Left 
Ventricular Mural Thrombus in Anterior Wall Acute 
Myocardial Infarction 

Alik Sagie, Boris Strasberg, Shula Imbar, Eldad Rechavia, and 
Samuel Sclarovsky 


959 

Platelet Function and Plasma Lipid Levels in Patients with 
Stable and Unstable Angina Pectoris 

Elena J. Vasilieva, Alexander V. Shpector, Aleksey B. Raskuragev, 
Svetlana S. Lekochmacher, and Inna A. Bespalko 


961 

Two-Dimensional Echocardiographic Characteristics of 
Pericardial Hematoma Secondary to Left Ventricular Free Wall 
Rupture Complicating Acute Myocardial Infarction 

Martin Brack, Richard W. Asinger, Scott W. Sharkey, Charles A. Herzog, 
and Morrison Hodges 
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Can Patients Discriminate Between Atrial Fibrillation and 
Regular Supraventricular Tachycardia? 

James W. Leitch, George J. Klein, and Raymond Yee 
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Cause of Acute Myocardial Infarction After Successful 
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Comparison of Risk and Patterns of Practice in 
Patients Older and Younger than 70 Years with 
Acute Myocardial Infarction in a Two-Year 
Period (1987-1989) 
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To further evaluate contemporary risk and prac- 
tice patterns in acute myocardial infarction 
(AMI), 402 consecutive patients with AMI be- 
tween July 1, 1988, and June 30, 1989 were 
studied. The clinical investigations, medical ther- 
apy and outcome of patients aged 270 years 

(n = 132; group 1) were compared with patients 
aged <70 years (n = 270; group 2). In group 1, 
20% of patients had no typical cardiac pain ver- 
sus 6% in group 2 (p <0.01). History of previous 
AMI, Q-wave AMI and peak creatine kinase 
were not different in the 2 groups. in-hospital 
mortality was markedly higher in group 1 (27%) 
than in group 2 (8%), p <0.01. Multivariate 
analysis revealed previous AMI, presentation 
without typical pain and age >70 years to be in- 
dependently associated with the greatest relative 
risk. Post-AMI exercise testing, ejection fraction 
calculations and coronary angiography were all 
performed less often (p <0.01); proven effective 
medical therapies, including thrombolysis, 8 
blockers, acetylsalicylic acid and nitrates were 
all used less frequently (p <0.01). The very high 
mortality and less aggressive management of el- 
derly patients with AMI confirm similar data 
from our 1987 AMI patient cohort and other re- 
cently reported AMI patient outcome analyses. 
However, it remains uncertain why older patients 
with AMI are investigated and treated differently 
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from younger patients. Further studies are war- 
ranted. 
(Am J Cardiol 1991;68:843-847) 


and patterns of medical practice in older versus 

younger patients with acute myocardial infarction 
(AMI), we found the elderly to be at substantially 
higher risk, but, ironically, to receive significantly less 
aggressive investigative and therapeutic attention than 
their younger counterparts with AMI.! In that previous 
study of an AMI patient cohort selected from 2 major 
Canadian tertiary cardiac care institutions during 1987, 
age was found to be a risk factor for short-term mortal- 
ity, independent of other conventional risk factors. ! 
However, we were concerned that the results of the pre- 
vious analysis might be affected by selection bias, be- 
cause the study samples were selected retrospectively 
and, perhaps more importantly, nonconsecutively.! To 
confirm or refute the results of our previous study,! we 
reinvestigated mortality risk and patterns of practice in 
another consecutive AMI patient cohort. 


I n a previous comparative analysis of mortality risk 


METHODS 

Patients: The current sample population consisted 
of 402 consecutive patients with a diagnosis at dis- 
charge or death of AMI and abnormally elevated cre- 
atine kinase levels during the interval of July 1, 1988 to 
June 30, 1989 at the University of Alberta Hospitals. 
Two hundred four of the study patients were admitted 
to the Division of Cardiology via the Emergency De- 
partment of the University of Alberta Hospitals; anoth- 
er 32 patients were originally admitted to non-cardiolo- 
gy services of the Hospitals. The remaining 166 study 
patients were transferred from other hospitals. 


PATTERNS OF PRACTICE IN ACUTE MYOCARDIAL INFARCTION 843 


TABLE I Distribution of Demographic and Clinical Variables in 
402 Consecutive Patients with Acute Myocardial Infarction in 
1988-1989 


Group 2 
(<70 yrs; 
n = 270) 


p Value 


Sex 
Men 
Women 
Previous AMI 
Cardiac pain on presentation 
ECG infarct type 
Q wave 
Non-Q wave 
Medications 


Post-AMI 
Nitrates 
Pre-AMI 
Post-AMI 
B blockers 
Pre-AMI 
Post-AMI 
Calcium antagonists 
Pre-AMI 
Post-AMI 
Antiarrhythmics 
Pre-AMI 
Post-AMI 
Acute thrombolysis 
Investigations 
Exercise tolerance test 
Coronary angiography 
Ejection fraction calculation 
Mortality 


AMI = acute myocardial infarction; ASA = aspirin; ECG = electrocardiographic; 
NS = not significant. 





Based on the results of our 1987 study,! patients 
with AMI in 1988 to 1989 were divided into 2 groups. 
Group | consisted of 132 patients 270 years of age, 79 
men and 53 women, average age 78 years, range 70 to 
97. Group 2 consisted of 270 patients <70 years of age, 
217 men and 53 women, average age 56 years, range 
22 to 69. 

The variables assessed in this study included pre- 
admission demographic and clinical data (age, sex, his- 
tory of previous AMI and cardiac medication profile) 
and acute presentation (symptoms, Q wave/non-Q- 
wave AMI type, creatine kinase peak level) and in-hos- 
pital (risk assessment tests, medication and mortality) 
clinical variables. 

All grouped data were expressed as mean + stan- 
dard deviation. Inferential univariate comparison of 
continuous data between the 2 study groups was by 2- 
tailed, unpaired ¢ tests; nominal scale variables were by 
chi-square tests. The overall assessment of association 
between mortality, as the dependent variable, and all 
other clinical and biologic variables, as independent 
variables, was evaluated using stepwise logistic regres- 
sion analyses. 


TABLE II Univariate Comparison of Mortality Risk in 402 
Consecutive Patients with Acute Myocardial Infarction in 
1988-1989 


Variable Variable 
Present Absent 
(%) (%) p Value 
Sex 
Men 11 -—- 
Women 22 — 
Previous AMI 21 11 <0.01 
Cardiac pain on presentation 12 32 <0.01 
ECG infarct type 
Q wave 15 12 NS 
Medications 
ASA post-AMI 7 30 <0.01 
Nitrates post-AMI 11 29 <0.01 
B blockers post-AMI 4 19 <0.01 
Calcium antagonists post-AMI 10 20 <0.01 
Antiarrhythmics post-AMI 18 11 NS 
Acute thrombolysis 5 15 <0.05 


Abbreviations as in Table |. 


In light of the very similar data from our 1987 AMI 
patient cohort (n = 207),! data from that earlier study 
and the current 1988-1989 patient sample were com: 
bined. The enlarged total sample of 609 contemporary 
patients with AMI allowed not only more reliable as: 
sessment of the relation of mortality and the other vari: 
ables, but also comparison of the older (n = 233) anc 
younger (n = 376) subgroups with enough mortality 
end points in each subgroup to make intergroup com: 
parison meaningful. 


RESULTS 

The distribution of clinical variables in the olde 
group | and younger group 2 AMI patients is com: 
pared in Table I. 

Men predominated in both groups, although less sc 
in the elderly group (Table I). Among the traditiona 
risk factors, history of previous AMI and Q-wave AM. 
were equally distributed in the 2 study samples (Tabk 
I). In addition, peak creatine kinase levels were not dif 
ferent in group | (1,402 + 1,635 IU) compared witl 
group 2 (1,533 + 1,344 IU) (p = not significant). 

The most important study variable, in-hospital mor. 
tality, was 27% among patients 270 years and 8% ir 
patients <70 years (p <0.01). The average age of the 
in-hospital survivors was 62 years; the average age ol 
those dying in the hospital was 72 years (p <0.01). 

Before the 1988-1989 index AMI, acetylsalicylic 
acid, nitrates and 8 blockers were all administered in- 
frequently, and equally, in both study groups (Table I) 
calcium antagonists were given somewhat more fre- 
quently in both groups, and significantly more fre- 
quently in the older patients (Table 1). 

At the time of AMI presentation, thrombolytic 
therapy was used in only 4% of the patients >70 years 
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very significantly less than the 20% use in patients <70 
years (p <0.01) (Table I). 

During the in-hospital period, acetylsalicylic acid, 8 
blockers and nitrates were all prescribed significantly 
less often in the older patient population than in the 
younger group (p <0.01) (Table I) (i.e., all medica- 
tions proven by clinical trial to have a beneficial effect 
on survival were given less frequently in the older pa- 
tients with AMI). In contrast, medications not known 
to have any beneficial effect, or possibly to have a detri- 
mental effect, on survival (i.e., calcium antagonists and 
antiarrhythmic drugs) were administered with equal 
frequency in the younger low-risk and older high-risk 
patients with AMI (Table I). 

The tests performed most often in clinical practice 
to help assess postinfarction risk, including exercise tol- 
erance testing, coronary angiography and left ventricu- 
lar ejection fraction calculation, were all performed sig- 
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FIGURE 1. Relative mortality risk associated with selected 
clinical variables in 609 patients with acute myocardial infarc- 
tion (AMI) 1987-1989. ADYS = antiarrhythmic medications 
after AMI; ASA = aspirin after AMI; BB = 6 blockers after 
AMI; CCB = calcium antagonists after AMI; CP = cardiac 
pain; NIT = nitrates after AMI; Prev MI = previous AMI. 
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FIGURE 2. Relative mortality risk associated with selected 
clinical variables in 233 aged 270 years with acute 
myocardial infarction (AMI) 1987-1989. M = male; other ab- 
breviations as in Figure 1. 








nificantly less often in the older patient group (on aver- 
age, 20%) than in the younger patients (on average, 
51%) (Table I). 

The univariate comparisons of mortality risk in 
the presence and absence of selected clinical variables 
among the 402 patients with AMI during 1988-1989 
are displayed in Table II. History of previous infarction 
and absence of cardiac pain on presentation conferred 
excess risk; acute-phase thrombolysis and the postin- 
farction use of acetylsalicylic acid, nitrates, 8 blockers 
and calcium antagonists were all associated with signifi- 
cantly lower mortality risk (Table II). 

The multivariate analyses of the association between 
mortality risk and the other clinical variables in the to- 
tal sample of 609 patients with AMI and the older 
(n = 233) and younger (n = 376) subgroups, respec- 
tively, are presented in Figures 1 to 3. Overall, previous 
AMI, presentation without cardiac pain and age 270 
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FIGURE 3. Relative mortality risk associated with selected 
clinical variables in 376 aged <70 years with acute 
myocardial infarction (AMI) 1987-1989. Abbreviations as in 
Figures 1 and 2. 
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FIGURE 4. Relative mortality risk of various ages among 609 
patients with acute myocardial infarction 1987—1989. Those 
aged <70 years were associated with lower risk; those aged 

>70 years were associated with progressively increased risk. 
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years were independently associated with the greatest 
increased relative mortality risk. Post-AMI use of 6 
blockers was, in contrast, associated with least relative 
risk (Figure 1). 

Among the older patient subset, previous AMI and 
absence of chest pain also had the highest relative risk 
and 8 blockers, the lowest (Figure 2). Interestingly, in 
the younger patient group, although previous AMI and 
absence of cardiac pain were once again associated with 
increased risk of death, the post-AMI use of antiar- 
rhythmic drugs was associated with the highest relative 
mortality risk (Figure 3). 

It must be cautioned that the relation of mortality 
risk and therapeutic agents in this practice pattern 
analysis should not be viewed as causal; this was not a 
clinical trial. For example, the apparently counterintui- 
tive association of post-AMI calcium antagonist use 
with decreased relative risk does not mean these agents 
caused the lower risk. Rather, as in our previous analy- 
sis,! they were probably given to less ill AMI patients 
with lesser myocardial injury and consequent lesser 
risk. 

When age was considered as a continuous series of 
discrete variables, relative to mortality risk, there was a 
progressive increase in risk with increase in age (Figure 
4). Thus, age =70 years is a variable that confers ex- 
cess risk independently of other more traditional risk 
factors and the risk appears to increase continuously 
with increasing age. 


DISCUSSION 

The results of the present study confirmed the find- 
ings of our previous study.! Specifically, patients aged 
>70 years have a markedly increased risk of in-hospital 
death, and the association of age and increased mortali- 
ty risk is independent of other variables that have been 
traditionally considered part of AMI pathophysiology. 
Furthermore, elderly patients with AMI are investi- 
gated and treated differently from their younger coun- 
terparts. In particular, they have significantly fewer risk 
prediction tests and receive proven effective medical 
therapy significantly less often than younger patients. 

The findings of our 2 studies are very similar to 
those of a recent subgroup analysis of an AMI data 
base collected between 1980 and 1990 in 4 Canadian 
and United States medical centers. This latter study 
revealed in-hospital mortality of 20% and a 12 month 
postdischarge mortality of 18% for patients >75 years 
of age, with age independently related to increased 
postdischarge mortality risk.2 The incidences of exercise 
testing, cardiac catheterization and thrombolytic and 8- 
blocker therapy were very low in all patients with AMI 
>65 years of age and were significantly lower in pa- 
tients >75 years, compared with patients between 65 
and 75 years.* 


Currently, there are 2 reasonable interpretations of 
the available clinical trial data regarding the likely out- 
come with thrombolytic, 8 blocker, acetylsalicylic acid 
and nitrate use in elderly patients with AMI. The first 
is the elderly are likely to derive positive benefits at 
least comparable to the generally younger patients with 
AMI who comprised the bulk of the previous trial pop- 
ulations. Alternatively, the available data could be in- 
terpreted as showing no convincing evidence of treat- 
ment benefit to elderly patients with AMI. Whereas 
the former interpretation is more likely correct, the 
practice pattern analyses imply the latter interpretation 
may, in fact, be very prevalent in clinical practice. 

Another major implication of these contemporary 
practice analyses is that proven effective medical thera- 
py for AMI may not be used optimally even in younger 
patients. For example, only 20% of patients <70 years 
received thrombolytic therapy in our 1988-1989 AMI 
cohort, and only 39% of the same group received 8 
blockers (Table I), both of which have been shown, in- 
controvertibly, to decrease mortality risk in patients 
with AMI. Conversely, calcium antagonist therapy, 
proven ineffective in post-AMI prophylaxis,*? was used 
in 60% of our 1988-1989 patients with AMI (Table I). 

Our data do not allow evaluation of exactly why the 
patterns of practice were as observed. However, the 
very low overall utilization rates of thrombolytic and 6 
blockade therapy make it unlikely that clinical contra- 
indications were present in all the patients who did not 
receive these medications. Moreover, the data were an- 
alyzed in an intention-to-treat manner, when any use of 
the study medications during any part of the hospital 
course was recorded as the drug being present, irrespec- 
tive of whether it was subsequently stopped because of 
adverse effects. Thus, the utilization rates represent the 
best case scenario. In contrast, it is possible that physi- 
cian desire to avoid side effects may have contributed to 
the low administration of some drugs. Such perceptions 
may simply have been more prevalent in the manage- 
ment of elderly patients, i.e., bias may have occurred.! 

If physician bias is a factor in contemporary AMI 
practice patterns, it may be secondary to ineffective 
translation of viable results from important clinical tri- 
als to everyday clinical practice. 

If this supposition is correct, how can the situation 
be improved? Certainly, continuing medical education 
by unbiased and thoughtful persons and consensus pan- 
els is important to dissemination of the correct interpre- 
tations of clinical trials. That these standard modes of 
altering the patterns of practice have been less than to- 
tally satisfactory is, perhaps, best supported by the per- 
sistently high utilization rates of calcium antagonists in 
AMI, despite consistent data from repeated trials show- 
ing no improvement in survival for the treated groups.? 
Imperfect translation of trial data is also indicated by 
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the limited use of 6 blockers in AMI, despite available 
knowledge of their proven ability to reduce total AMI 
mortality, sudden death and reinfarction since 1981.45 

The Canadian Cardiovascular Society’s consensus 
conference on postinfarction management has recently 
recommended that all patients with AMI, except possi- 
bly those at very low risk, receive 6 blockers in the 
absence of any clinical contraindication.® This consen- 
sus conference also suggested that benefit from 8 
blockers was greatest among those at highest risk. The 
data from our patient outcome analyses certainly indi- 
cate that patients with AMI aged =70 years have a 
markedly increased risk of death. If the consensus view 
is correct,® elderly patients may, because of their very 
high risk status, benefit even more from effective medi- 
cal therapy than the average patient with AMI. How- 
ever, this concept remains untested. 

A novel approach that may lead to faster dissemina 
tion of important trial results, and a concurrently faster 
adaptation in clinical practice patterns, may be the re- 
cruitment of investigators for large, simple trials from 
widespread geographic areas and a wide variety of real 
practice situations. The involvement of primary care 
physicians as trial investigators would simultaneously 
provide a pool of community clinician-scientists and 
medical educators. Such physicians would be integrally 


involved in the progress of trials to answer important 
clinical questions. Their enthusiasm and anticipation of 
the correct answer would be transmitted to their local 
colleagues and likely result in a more efficient accep- 
tance of trial outcome data than would be accom- 
plished by a visiting educator or publication. This con- 
cept also remains untested. Further studies are indi- 


cated. 
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Effects of Early Thrombolytic Therapy 
(Anistreplase Versus Streptokinase) on 
Enzymatic and Electrocardiographic Infarct Size 
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The effects of thrombolytic therapy on enzymatic 
and electrocardiographic indexes of myocardial 
infarction were examined in 370 patients who 
were enrolled within 4 hours of onset of symp- 
toms and were randomized to blinded therapy 
with intravenous anistreplase (30 U/S min, 
n = 188) or streptokinase (1.5 million IU/1 hour, 
n = 182). Creatine kinase and its MB isoenzyme 
were initially measured every 4 to 6 hours, and 
lactic dehydrogenase (LDH) and its cardiac iso- 
enzyme (LDH-1) every 8 to 12 hours. Electrocar- 
diograms were obtained before, and at 90 min- 
utes and 8 hours after starting thrombolysis, and 
on discharge. Enzymatic and electrocardiograph- 
ic measures of infarction were compared be- 
tween drug treatment and patency groups. Early 
patency was associated with significant reduc- 
tions in peak values for each of 4 cardiac en- 
zymes (averaging 21 to 25%, p <0.01 to 
0.001), even though later rescue procedures 
were often used in the nonpatent group; times to 
peaks were also reduced for 3 of the enzymes. 
Treatment with anistreplase was associated with 
enzymatic peaks that tended to be lower than 
with streptokinase (6 to 16%), approaching or 
reaching significance for LDH (p <0.07) and 
LDH-1 (p <0.04); times to peaks were similar. 
Early patency favorably affected electrocardio- 
graphic indexes. Summed ST-segment elevations 
resolved more rapidly (p <0.04), summed Q- 
wave amplitude was reduced by 32% (p <0.01), 
and total QRS infarct score on discharge was 
22% less (p <0.006) in those achieving early pa- 
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tency. Small differences in electrocardiographic 
indexes between the 2 drug treatment groups 
were not significant. These results support use 
of early reperfusion to reduce infarct size in 
acute myocardial infarction with administration 
of streptokinase and anistreplase. 

(Am J Cardiol 1991;68:848-856) 


esidual left ventricular function, an important 
R pve factor after myocardial infarction,! 

is inversely related to the amount of myocardi- 
um that infarcts. In experimental models and clinical 
trials, infarct size is reduced by early but not by late 
(>3 to 6 hours) reperfusion.*-* Reductions in electro- 
cardiographic injury currents and convalescent infarct 
scores after reperfusion therapy have previously been 
described.” Enzymatic and radionuclide measures 
have also documented beneficial treatment effects.7-> 
These enzymatic and electrocardiographic measures 
have been shown to correlate with anatomic and histo- 
logic myocardial injury and infarction in animal mod- 
els?-!! and in patient series,!*!> but are still not widely 
used as end points in clinical trials. Differences between 
thrombolytic regimens have been hard to demonstrate. 
Simple but reliable noninvasive measures of ischemic 
injury would be useful in assessing and comparing clini- 
cal outcomes. Furthermore, the mechanisms by which 
thrombolytic therapy reduce these measures of infarct 
size continue to be debated. Pharmacologic actions oth- 
er than recanalization, such as effects on blood viscosi- 
ty, platelet function, metabolism and reocclusion, may 
play a role. Thus, additional studies of the enzymatic 
and electrocardiographic effects of thrombolytic thera- 
py are needed. 

As part of a multicenter trial,'4 we studied the ef- 
fects of thrombolytic therapy with anistreplase (anisoy- 
lated plasminogen streptokinase activator complex) and 
streptokinase on enzymatic and electrocardiographic in- 
dexes of myocardial infarction and examined these in- 
dexes in patients achieving and not achieving early cor- 
onary patency. 
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METHODS 

Study design and patient entry criteria: The Second 
Thrombolytic Trial of Eminase (anistreplase) in Acute 
Myocardial Infarction (TEAM-2) was a randomized, 
double-blind study performed in 27 participating cen- 
ters (see Appendix).!4 Criteria for patient entry includ- 
ed ischemic chest pain lasting 230 minutes but <4 
hours, and ST-segment elevation 20.1 mV in 21 limb 
lead or 20.2 mV in 21 precordial lead not relieved 
by nitroglycerin. Exclusion criteria included age 276 
years, cardiogenic shock, history of coronary artery by- 
pass surgery, coronary balloon angioplasty within 1 
month, uncontrolled hypertension (systolic blood pres- 
sure >200 mm Hg or diastolic blood pressure >120 
mm Hg), therapy with streptokinase or anistreplase 
within 6 months, and specific contraindications to 
thrombolytic therapy.!4 

Qualifying patients who gave informed consent were 
randomized to double-blinded therapy with anistreplase 
or streptokinase. Lyophilized anistreplase (30 U) or its 
placebo was reconstituted to 5 ml with sterile water or 
saline solution and administered intravenously in 2 to 5 
minutes. Lyophilized streptokinase (1.5 million IU) or 
its placebo was reconstituted with saline or dextrose, 
diluted to at least 45 ml, and infused over 60 minutes. 

Angiography and patency determination: Coronary 
patency status was determined during early angiogra- 
phy, performed as close to 90 minutes after the start of 
therapy as possible but within a maximum of 240 min- 
utes. Protocol patency was assessed by a blinded re- 
viewer!> using Thrombolysis in Myocardial Infarction 
criteria!® and quantitative analysis.'* The total patency 
rate was defined as the proportion of patients with per- 
fusion grade 2 or 3, and the complete patency rate as 
the proportion with grade 3 perfusion. A second angio- 
gram was obtained after 1 day (range 18 to 48 hours) 
in patients with initially patent arteries who had not 
undergone mechanical interventions. 

Patient management: Heparin was administered as 
a loading dose of 5,000 to 10,000 U at the beginning of 
catheterization and was continued for at least 1 day as 
an infusion of 1,000 U/hour, adjusted to keep the par- 
tial thromboplastin time at 2 to 3 times the upper limit 
of the normal range. Because the study began before 
publication of the Second International Study of In- 
farct Survival,'’ aspirin was not routinely administered. 
Additional medications were administered in accor- 
dance with usual medical practice. 

A conservative strategy was adopted for the use of 
mechanical interventions after early angiography.!* In- 
terventions were to be avoided for grade 3 or “ade- 
quate” grade 2 perfusion. For grade 0, 1 or poor grade 
2 flow, angioplasty and surgery before the 1-day fol- 
low-up angiogram were allowed at the physician’s dis- 
cretion. 


Cardiac enzyme measurements: Blood was collect- 
ed for measurement of serum creatine kinase (CK) and 
its MB isoenzyme (CK-MB) before dosing, and at 4, 8, 
12, 18, 24 and 36 hours after dosing. Blood was sam- 
pled for lactic dehydrogenase (LDH) and its cardiac 
isoenzyme (LDH-1) before treatment, and at 12, 24, 
36, 48 and 72 hours. Enzyme analysis was performed 
in approved clinical laboratories at the individual cen- 
ters. 
Comparisons were made between anistreplase and 
streptokinase treatments, and patency and nonpatency 
status at 90 to 240 minutes. Two enzyme analyses were 
performed. First, the overall kinetic profile was assessed 
using repeated measures analysis of variance, which is 
restricted to analysis of complete data sets. Second, val- 
ues for peak enzyme activity and times to peaks were 
determined for individual patients. Values for enzyme 
peaks and times to peaks were confirmed by 2 cardiolo- 
gists, unaware of treatment assignment and patency 
outcome, using the following prospectively applied rules 
for ambiguous cases: (1) When “double peaks” were 
present, the first peak (i.e., for the primary infarction) 
was used. For CK /CK-MB, the highest peak occurring 
within 15 hours was used; a first peak for LDH /LDH- 
1 was defined by 2 consecutively decreasing subsequent 
values. (2) Extreme outliers (i.e., possible laboratory 
errors) were defined as peak CK >11,000 IU /liter (n 
= 2), CK-MB >20% (n = 8) and LDH >3,000 IU/ 
liter (n = 2), and times to peak CK 236 or <4 hours 
(n = 5) and LDH =72 or <6 hours (n = 3), and ex- 
cluded. (3) Data for patients whose peak enzymes were 
within the normal range were included, unless blind- 
ed assessment of clinical, angiographic, electrocardio- 
graphic and enzymatic information pointed to false- 
positive inclusion (i.e., a nonischemic syndrome, n = 4). 
(4) Enzyme peaks occurring before therapy were ex- 
cluded (n = 2). (5) CK peaks were indeterminate when 
22 consecutive values were missing between 4 and 24 
hours. Because of the “plateau” kinetic behavior of 
LDH and LDH-1, any values measured at 30 + 18 
hours qualified as potential peaks. With use of this ap- 
proach, data for enzyme peaks were available for CK 
in 92% and LDH in 87% of patients. 

Electrocardiographic measurements: A |2-lead 
electrocardiogram was obtained near the time of study 
entry, at 90 to 240 minutes and at 8 hours after dosing, 
and on discharge. All electrocardiograms were ana- 
lyzed in the core laboratory by reviewers unaware of 
patient treatment and outcome. Waveforms were quan- 
tified using handheld calipers, a digitizing pad and a 
personal computer.!? ST-segment elevation above the 
isoelectric baseline (using the PR segment preceding 
QRS onset as reference) was measured 0.06 second af- 
ter the J point and summed for all leads except aVR. 
Q- and R-wave amplitudes and durations, and S-wave 
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TABLE I Selected Baseline Enzymatic and Electrocardiographic Measurements in Comparison Groups 


APSAC SK 
Mean (n) Mean (n) 


143 (169) 207 (168) 
7.2 (142) 8.2 (131) 
172 (168) 178 (157) 
39 (122) 44 (123) 


1.16 (180) 1,22 (172) 
0.78 (180) 0.90 (172) 


RMSE 


CK (lU/liter) 
CK-MB (IU/liter) 
LDH (IU /liter) 
LDH-1 (lU/liter) 


EST (mV) 
ZQ (mV) 


Patent 
Mean (n) 


169 (238) 
6.8 (191) 
176 (227) 
42 (176) 


1,2 (250) 
0.8 (250) 


Nonpatent 
Mean (n) 


189 (90) 
9.7 (74) 
172 (88) 

39 (60) 


1.2 (93) 
0.9 (93) 


p Value RMSE p Value 


APSAC = anistreplase; CK = creatine kinase; LDH = lactic dehydrogenase; SK = streptokinase; RMSE = root-mean-square error; 2ST = sum of ST-segment elevation; £Q = sum of 


Q-wave amplitude in all leads except aVR. 


amplitude below or above the baseline were measured 
in millivolts in each lead except aVR. With use of the 
simplified version of the Selvester scoring system,” a 
QRS score was computed on the discharge electrocar- 
diogram. QRS score is calculated by a 37-criteria/29- 
point system, based on the Q- and R-wave amplitudes 
and durations, and on R/Q- and R/S-wave ratios. 
Each point scored represents infarction of approximate- 
ly 3% of left ventricular mass. Electrocardiograms with 
evidence of left or right ventricular hypertrophy, left 
anterior or posterior hemiblock, or intraventricular de- 
lay >0.12 second were excluded. 

Study hypothesis and statistical analysis: Two hy- 
potheses were tested: (1) the effects of anistreplase 
would be equivalent or superior to those of strepto 
kinase; and (2) enzymatic and electrocardiographic 
markers would distinguish patients achieving early pa- 
tency from those with unsuccessful reperfusion by the 
90- to 240-minute angiographic study. Based on previ- 
ous experience,?:482!,22 LDH and especially LDH-1 
were chosen as the “primary” variables for comparisons 
between groups. 

Results for continuous variables are presented as 
mean + standard error (see Figures) or as root-mean- 
square error (see Tables). Analysis of variance and Stu- 
dent’s unpaired ¢ test were used to assess differences in 
continuous variables. Chi-square analysis was used to 
test differences in discrete variables. Repeated mea- 
sures analysis of variance was used to assess differences 
between groups over time. Differences in both level of 
enzyme over time (“‘area” or “integral” differences), an 
index of approximate infarct size, and in enzyme kinet- 
ics (enzyme-time interactions or curve “shape” differ- 
ences), an index of overall kinetics, were of interest. 
Differences were compared between treatment groups 
(anistreplase vs streptokinase) and between patency 
groups (early patent vs nonpatent status). A 2-tailed 
probability of <0.05 was considered significant for the 
primary comparisons. 


RESULTS 
Baseline characteristics of the study groups: Of 
370 study patients, 188 were randomized to anistrep- 





lase and 182 to streptokinase. Entry characteristics for 
the 2 groups were well-balanced,!* including age (58 vs 
57 years, anistreplase vs streptokinase), previous infarc- 
tion (13 vs 14%), history of hypertension (38 vs 35%), 
angina (22 vs 30%) and diabetes (14 vs 18%), time to 
entry from onset of symptoms (2.7 vs 2.6 hours), and 
distribution of infarct-related arteries (right, 45 vs 40%; 
left anterior descending /left main, 40 vs 45%). A small 
difference in gender was observed (men, 73 vs women 
82%; p = 0.05). Baseline enzymatic and electrocardio- 
graphic measures were also well-balanced (Table I). 

Coronary patency outcomes: Patency results have 
been presented in detail elsewhere.!4 During early angi- 
ography (median 2.1 hours after thrombolysis), high 
and nearly identical rates of total patency were ob- 
served in the 2 treatment groups (72% [132 of 183] for 
anistreplase and 73% [129 of 176] for streptokinase). 
However, the proportion of patent arteries with com- 
plete (grade 3) perfusion was greater after anistreplase 
(83%) than after streptokinase (72%, p = 0.03), and 
residual stenosis of patent infarct-related arteries was 
less early after anistreplase (p = 0.02). 

Mechanical interventions. Early (within | day) me- 
chanical interventions (guidewire, angioplasty or bypass 
surgery, or a combination) were performed with equal 
frequency after anistreplase (30%, n = 56) and strepto- 
kinase (27%, n = 49). At the time of discharge, 66% of 
anistreplase- (n = 124) and 67% (n = 121) of strepto- 
kinase-treated patients had undergone at least | inter- 
vention. 

Cardiac enzyme kinetics: ENZYME EVOLUTION BY 
TREATMENT: Small differences were noted for cardiac 
enzyme peaks and integrals by treatment. Results for 
CK (Figure 1, top) differed slightly in overall level 
(p = 0.08), but not in shape (enzyme-time interaction) 
for the 2 groups (p = 0.55). CK-MB kinetics results 
(not shown)were similar. Release curves for LDH and 
LDH-1 are shown in Figure 2 (top); a lower enzyme 
level over time (enzyme-time area or integral) was ob- 
served for LDH (p = 0.04) and LDH-1 (not shown) 
(p = 0.06). The shape of the release curves also tended 
to differ by drug for LDH (p =0.06) and LDH-1 
(p = 0.1). 
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The average of individual enzyme peaks and times 
to peaks is listed in Table II. A trend toward a lower 
peak is noted for each of the 4 enzymes in the anistrep- 
lase- compared with the streptokinase-treated group, 
with reductions averaging from 6 to 16%. Differences 
approach or reach significance for LDH (p $0.07) and 
LDH-1 (p = 0.035). Times to peaks do not differ. 

ENZYME EVOLUTION BY EARLY PATENCY STATUS: Signif- 
icant differences were observed for all 4 cardiac en- 
zymes in time-activity kinetics for patients with early 
coronary patency versus nonpatency (Figures | and 2, 
bottom.) Overall enzyme levels were lower in the patent 
group (p = 0.05 to 0.003), and the shapes of the en- 
zyme-time curves differed (p <0.0005 to 0.0001). Av- 
erages of individual patient values for enzyme peaks 
and times to peaks are listed by patency status in Table 
III. Early patency was associated with significant re- 
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FIGURE 1. Time-activity curves for creatine kinase (CK) by 
treatment and patency groups. Top, comparisons of overall 
levels of enzyme activity over time (area or “integral” compar- 
isons) between the 2 drug treatment groups yielded p = 0.08. 
Comparisons of enzyme-time interactions (shape of curve 
comparisons) yielded p = 0.55. Bottom, patients with patent 
infarct arteries (open squares) (n= 167) and with nonpatent 
arteries (solid squares) (n = 68). Comparisons of overall levels 
of enzyme activity over time (area or integral comparisons) be- 
tween the 2 patency groups yielded p = 0.022. Comparisons 
of enzyme-time interactions (shape of curve comparisons) 
yielded p <0.0002 for CK. Note that time scale is not entirely 
linear. APSAC = anistreplase (open circles) (n = 117); PRE 
RX = before therapy, SK = streptokinase, (solid circles) 

(n = 122). 





ductions (averaging 21 to 25%, p <0.01 to 0.001) in 
the peak values for all 4 enzymes. Times to peaks were 
shorter in the early patency groups for CK, CK-MB 
and LDH (p 0.05 to 0.009). 

Electrocardiographic indexes of myocardial injury/ 
infarction: ELECTROCARDIOGRAPHIC EVOLUTION BY TREAT- 
MENT: Summed ST-segment elevations developed simi- 
larly in patients randomized to the 2 treatment groups 
(Figure 3, top). Development of summed Q wave (Fig- 
ure 4, top) showed a trend toward lesser Q-wave devel- 
opment (p = 0.09) in the anistreplase than in the strep- 
tokinase group, but the initial values also showed differ- 
ences, so that the overall shapes (slopes) of the curves 
were not significantly different. Similarly, for loss of R- 
wave amplitude, a greater overall summed R-wave lev- 
el, observed in the anistreplase group (p = 0.014), 
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FIGURE 2. Time-activity curves for lactic hydrogenase (LDH) 
by treatment and patency groups. Top, comparisons of overall 
levels of enzyme activity over time (area or “integral” compar- 
isons) between the 2 drug treatment groups yielded 

p = 0.042. Comparisons of enzyme-time interactions (shape of 
curve comparisons) yielded p = 0.061. Bottom, patients with 
patent infarct arteries (open squares) (n = 132) and with non- 
patent arteries (solid squares) (n = 51). Comparisons of over- 
all levels of enzyme activity over time (area or integral com- 
parisons) between the 2 patency groups yielded p = 0.021. 
Comparisons of enzyme-time interactions (shape of curve 
comparisons) yielded p <0.0001 for LDH. Note that time scale 
is not entirely linear. APSAC = anistreplase (open circles) 

(n = 101); PRE RX = before therapy, SK = streptokinase (sot 
id circles) (n = 87). 
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could be attributed to greater initial levels without a 
change in subsequent slope. At discharge, summed Q 
waves averaged 1.55 + 0.13 mV in the anistreplase- 
(n= 163) and 1.70 + 0.13 mV in the streptoki- 
nase-treated patients (n = 147, p = 0.4). Change in 
summed Q wave from admission to discharge did not 
differ with therapy (0.78 + 0.12 [n = 147 paired tests] 
vs 0.85 + 0.12 mV [n= 144], p = 0.7). 
ELECTROCARDIOGRAPHIC EVOLUTION BY PATENCY STA- 
Tus: Summed ST-segment development by patency sta- 
tus is shown in Figure 3 (bottom). Significantly greater, 
more rapid resolution was observed in the early patency 
group. Development of summed Q-wave amplitude by 
early patency status is shown in Figure 4 (bottom). 


TABLE Ii Average of Individual Patient Enzyme Peaks and 
Times to Enzymatic Peak by Drug 


No. of No. of 
Pts. APSAC Pts. SK RMSE pValue 


Peaks (lU/liter) 

























cK. SEY 2,438 166 2,761 1,985 0.13 
CK-MB 169 265 160 282 257° r 0.53 
LDH 170 619 152 699 400 0.07 
LDH-1 150 279 134 332 213. 0.04 
Times (hours) from Time of Treatment 
CK 175 Li2 166 Vict 5.4 0.78 
CK-MB 169 10.5 160 10.3 4.8 0.62 
LDH 170 28.8 152 28.1 13.8 0.66 
LDH-1 150 31.0 134 28.5 14.3 0.14 
Times (hours) from Onset of Symptoms 
CK 175 13.9 166 13.7 5.6 0.74 
CK-MB 169 13.1 160 12.9 4.9 0.60 
LDH 170 31.4 152 30.1 13.7 0.63 
LDH-1 150 33.6 134 31.1 14.3 0.13 












Abbreviations as in Table |. 


TABLE Ill Average of Individual Patient Enzyme Peaks and 


Times to Enzymatic Peak by Patency 


No. of No. of 
Pts. Patent Pts. 


Peaks (IU/liter) 


2,435 91 3,078 
253 84 336 
609 90 777 
280 83 361 


Nonpatent RMSE pValue 


CK 242 
CK-MB 238 
LDH 225 
LDH-1 195 


1,985 0.008 
256 0.01 
396 0.001 
212 0.004 


Times (hours) from Time of Treatment 


0.05 
0.009 
0.01 
0.25 


12.1 5.4 
11.6 4.6 
31.4 13.7 
28.5 14.4 


CK 242 
CK-MB 238 9.9 84 


10.8 91 


27.4 90 
29.2 8 


LDH 225 
LDH-1 195 


Times (hours) from Onset of Symptoms 


0.045 
0.008 
0.016 
0.23 


14.7 5.5 
14.2 4.8 
34.1 13.6 
33.9 14.3 


3 
13.4 91 
12.6 84 


CK 242 
CK-MB 238 
LDH 225 29.9 90 
LDH-1 195 31.1 83 


Abbreviations as in Table I. 





Summed Q-wave amplitude was significantly reduced 
overall and at discharge (32%) by the achievement of 
early patency (p = 0.04). R-wave amplitude tended to 
be better preserved in patent patients (p = not signifi- 
cant). 

QRS score: The Selvester QRS score, determined 
on the predischarge electrocardiogram, was 5.57 + 
0.31 points after anistreplase (n = 145) and 5.50 + 
0.38 after streptokinase (n = 134, p = not significant). 
The mean QRS score was reduced by 22% in patients 
with a patent (n = 199) compared with a nonpatent 
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FIGURE 3. Temporal development of the sum of electrocardio- 
graphic ST-segment elevation (2ST) in mV. Top, ZST by 
treatment group. Comparison of overall levels of ZST over 
time (area or “‘integral’’ comparison) between the 2 drug 
treatment groups yielded p = 0.14. Comparison of the ZST- 
time interaction (shape of curve comparison) by treatment 
yielded p = 0.40. Bottom, ZST by patency group. Open 
squares are patent group (n = 182). Solid squares are nonpa- 
tent group (n = 65). Comparison of overall levels of ZST over 
time between the 2 patency groups yielded p = 0.017. Com- 
parison of the 2ST-time interaction (shape of curve compari- 
son) yielded p = 0.026. APSAC = anistreplase (open circles 
(n = 132); PRE RX = before therapy; SK = streptokinase 
(closed circles) (= 119). 
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artery (n = 75) at early angiography (5.06 + 0.26 vs 
6.52 + 0.52 points, p= 0.006). 

Correlations between enzymes and electrocardio- 
graphic markers: Correlations were found between 
electrocardiographic infarct scores at discharge 
(summed Q-wave and QRS scores) and both the initial 
summed ST-segment and the peak enzyme values, 
which were statistically significant (p <0.0002 to 
0.0001) but associated with low correlation coefficients 
(R = 0.23 to 0.42). 


DISCUSSION 

Study summary and significance: This study dem- 
onstrates that enzymatic and electrocardiographic tests 
are useful outcome measures for comparing intravenous 
thrombolytic regimens. These noninvasive measures are 
of further interest because of problems with other mea- 
sures: Patency rates are time dependent!® and do not 
measure a Clinical result; ejection fraction is a poor dis- 
criminator of different therapies®!°; and mortality com- 
parisons require very large trials.!’ Early patency (90 to 
240 minutes), achieved by thrombolytic therapy admin- 
istered at a mean of 2.7 hours after the onset of symp- 
toms, altered the kinetics of cardiac enzyme release and 
the development of electrocardiographic markers, re- 
ducing indexes of infarct size by 21 to 32%. Enzymatic 
and electrocardiographic measures also allowed quanti- 
tative comparisons of anistreplase, a more easily admin- 
istered thrombolytic, and intravenous streptokinase, a 
standard drug. Results showed that infarct size was 
similar or smaller after anistreplase (relative reductions 
in enzyme peaks, 6 to 16%), approaching or reach- 
ing significance for LDH and LDH-1, whereas QRS 
scores were comparable. 

Although enzymatic and electrocardiographic end 
points have been previously used in thrombolysis trials, 
this study has several unique or distinctive features: 
First, it shows infarct size reductions after anistrep- 
lase compared with intravenous streptokinase. (Anistre- 
plase has been compared with intracoronary streptoki- 
nase,®:!9 but the latter is no longer in frequent use.) 
Second, it adds significantly to our knowledge base 
about both drugs, representing one of the larger studies 
of intravenous streptokinase in which treatment was be- 
gun early after onset of symptoms.’ Third, it provides 
an opportunity to correlate enzymatic, electrocardio- 
graphic and early patency end points. (Most studies 
have assessed only 1 or 2 of these end points.) Fourth, it 
allows comparisons between outcomes of those achiev- 
ing early patency with those not succeeding but going 
on to “rescue” procedures. 

Myocardial enzyme release, infarct size and throm- 
bolysis: Myocardial enzyme release has been used to 
diagnose and quantify the extent of myocardial infarc- 
tion, and reasonably good correlations have been found 


between enzyme release and infarct size,!2324 left ven- 
tricular function?>° and prognosis.2!:23 Both thrombo- 
lysis- and spontaneously induced reperfusion change the 
kinetics of enzyme release, accelerating the initial and 
terminal slopes of the release curve and the time to 
peak. 3->:8:19,24-30 In contrast, variable effects of throm- 
bolysis on enzyme peaks and enzyme time integrals 
have been observed. In some trials, CK peak has tended 
to be as great??? or even greater, and CK integral 
similar??? in treated patients versus control subjects. 
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FIGURE 4. Temporal evolution of the sum of electrocardio- 
graphic Q-wave amplitude (ZQ) in mV. Top, ZQ by treatment 
group. Comparison of overall levels of ZQ over time (area or 
“integral” comparison) between the 2 drug treatment groups 
yielded p = 0.092. Comparison of the >Q-time interaction 
(shape of curve comparison) by treatment yielded p = 0.49. 
Bottom, ZQ by patency group. Open squares are patent 
group (n = 181). Solid squares are nonpatent group (n = 64). 
Comparison of overall levels of ZQ over time between the 2 
patency groups yielded p = 0.044. Comparison of the >Q-time 
interaction (shape of curve comparison) yielded p = 0.038. 
APSAC = anistreplase, (open circles) (n = 132); PRE RX = 
before therapy; SK = streptokinase (solid circles) (n = 117). 
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This may be attributed to inability to reduce infarct 
size with therapy begun late® or to a change in release 
kinetics.3->:8.26.28.29 Vatner et al!! showed that the peak 
and total amount of CK/CK-MB released into serum 
was substantially greater per gram of necrotic myocar- 
dium when coronary occlusion was followed by reperfu- 
sion. This washout effect with reperfusion could result 
in a higher peak and total serum level for a given ana- 
tomic infarct size, a possibility also suggested by some 
clinical studies in patients undergoing spontaneous 
and thrombolysis-induced?+7° reperfusion. LDH and 
LDH-1 (or the related hydroxybutric dehydrogenase), 
which are released more slowly, appears to be less sen- 
sitive to this washout effect and may be a better index 
of infarct size.>-482!,22 Our study confirms the greater 
power of LDH/LDH-1! versus CK /CK-MB in distin- 
guishing differences between treatments. 

As with these previous studies of early thrombolysis, 
our study showed reductions (22%) in peak LDH/ 
LDH-1 levels in those achieving early patency. In con- 
trast to several previous trials,>4826:28 this study also 
showed reductions in peaks for CK and CK-MB (aver- 
aging 21 to 25%). This may be due to our early time to 
therapy (mean 2.7 hours), the efficiency of the throm- 
bolytic regimens or the use of subsequent mechanical 
interventions. 

In this study, shorter times to enzyme peaks were 
associated with early patency. However, even in the 
nonpatent group, the time to peak CK (14 to 15 hours) 
was less than expected (20 to 24 hours) for persistently 
occluded arteries.?8 This may reflect later reperfusion 
by ongoing thrombolysis or mechanical interventions. 

Cardiac enzyme measurement represents an appeal- 
ing method to assess small but significant differences 
between treatment regimens. Left ventricular ejection 
fraction determination is expensive, must be delayed 
until recovery of “stunned myocardium” has occurred 
(usually 2 to 4 weeks), and has not differentiated well 
between thrombolytic regimens or outcomes.!® Mortali- 
ty differences between regimens need to be tested in 
trials randomizing tens of thousands of patients.!” The 
small differences between anistreplase and _ streptoki- 
nase observed in the peak enzyme levels are intriguing. 
The 6 to 16% lower peak levels may reflect more effi- 
cient early thrombolysis by anistreplase, as suggested 
by a greater frequency of patients with early complete 
(grade 3) perfusion (60 vs 53%)!4 or with small imbal- 
ances in baseline characteristics. (In fact, when adjust- 
ed for imbalances in gender and site of infarction, the 
difference between drugs in LDH-1 peak was no longer 
significant. ) 

Electrocardiographic indexes for assessing myo- 
cardial injury /infarction: There are numerous reports of 
the value of the electrocardiogram to assess myocardial 
injury and prognosis, and to evaluate interventions used 


to limit necrosis.*:7-8:!9.20,3!-35 The extent of acute ST- 
segment elevation correlates with the amount of isch- 
emic, jeopardized myocardium.!®!3:34 In the absence 
of reperfusion, it also correlates well with infarct 
size, !0,12,13,20,30-32 Similarly, reperfusion results in more 
rapid and complete resolution of ST-segment elevation, 
and less R-wave loss and Q-wave development than 
persistent occlusion, nonthrombolytic therapy or unsuc- 
cessful thrombolytic therapy.*473°33 Our study con- 
firms these observations; by 90 to 240 minutes, ST- 
segment elevations were reduced to a greater extent in 
those achieving patency. ST-segment response was fa- 
vorable, even in the nonpatent group, compared with 
untreated, historical control patients,> a difference we 
attribute to the achievement of delayed reperfusion by 
ongoing thrombolysis or mechanical interventions. 

The benefit of achieving early patency is also em- 
phasized by the 22 to 32% relative reductions in elec- 
trocardiographic Q-wave and QRS score markers of in- 
farct size at discharge, reductions similar in size to 
those predicted by enzymatic markers. Using the esti- 
mate that 1 QRS score point represents 3% of myocar- 
dial mass,?!32 our study suggests that infarct size was 
reduced from 19.6 to 15.2% of cardiac mass by the 
achievement of early patency. 

Differences between drugs were not clearly demon- 
strated electrocardiographically. Differences in results 
of electrocardiogram and enzyme comparisons are not 
surprising given their poor correlation with each other 
(R <0.4).*> 

Study limitations: Limitations of this study should 
be noted. The enzymatic measures used have only mod- 
erate discriminant power and results cannot be applied 
to individual patients, and electrocardiographic mea- 
sures may be less sensitive discriminators. Also, these 
measurements were not complete in a significant mi- 
nority of patients. However, determination of peak en- 
zyme values could be obtained in approximately 90% of 
patients, and discharge Q wave and QRS scores in 75 
to 85%. Actual CK peaks may have been slightly high- 
er than estimated from 4 to 6 hourly measures, but 
were similarly assessed in the comparison groups. The 
blinded, randomized design of this study reduces the 
chance of bias being introduced by missing data points. 
Enzymes were measured in individual study laborato- 
ries, potentially differing in methodology. However, all 
laboratories were nationally accredited, and results 
were always measured in standard international units. 
No attempt was made in this report to apply ki- 
netic formulas designed to quantify absolute infarct 
size?!.22,28 because of the difficulty involved in estimat- 
ing in the clinical setting the necessary kinetic parame- 
ters. We assumed that the enzyme values were roughly 
proportionate to infarct size in all groups of patients 
receiving thrombolysis, especially for LDH/LDH-1. 
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Electrocardiograms were obtained in a variety of care 
settings with differing equipment. The relatively large 
and randomized nature of this study and blinded re- 
viewing should have reduced noise due to these factors. 
The ability of this study to assess very small differ- 
ences (<5 to 10%) between drug treatment groups was 
limited. Finally, differences between patency and drug 
groups may have been attenuated by early interventions 
performed after angiography in many patients whose 
thrombolysis was unsuccessful. 

In conclusion, this study shows that coronary paten- 
cy, achieved within approximately 2 hours of thrombo- 
lysis administered early (mean 2.7 hours) after the on- 
set of symptoms, was associated with a smaller enzy- 
matic and electrocardiographic myocardial infarction 
(20 to 30%) than was early nonpatency, even though 
“rescue” procedures were often applied. The effects of 
therapy with anistreplase and streptokinase were gener- 
ally similar, but favored anistreplase with lower peak 
enzyme levels for LDH/LDH-1 release. These results 
support use of early reperfusion to reduce infarct size in 
acute myocardial infarction with administration of ani- 
streplase and streptokinase. 
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Long-Term Efficacy of Continuous and 
Intermittent Use of Transdermal Nitroglycerin in 
Stable Angina Pectoris 


Paul A. de Milliano, MD, Rudolph W. Koster, MD, Frits W. Bar, MD, Johan Janssen, MD, 
Carel de Cock, MD, Adri Schelling, MD, and Arjan van de Bos, MD 


To assess efficacy of transdermal nitrate use, a 


randomized, placebo-controlled trial of continu- 
ous and intermittent use of nitroglycerin patches 
(10 mg/24 hours) was conducted in 127 patients 
with stable angina pectoris who discontinued ex- 
ercise testing within 9 minutes because of angi- 
na. After a placebo run-in week, baseline (day 0) 
symptom-limited exercise testing was performed 
and repeated on day 1 and 14 before and after 
the administration of 0.5 mg of sublingual nitro- 
glycerin. On day 0, total exercise duration was 
the same (within narrow limits) in all 3 groups 
and remained unchanged in the placebo group. 
On day 1, total exercise duration increased from 
406 + 115 to 469 + 158 seconds (p <0.001) in 
the continuously treated group and from 396 + 
105 to 475 + 171 seconds (p <0.001) in the in- 
termittently treated group. In the intermittent 
group, exercise duration increased slightly to 
483 + 140 seconds on day 14, and in the contin- 
uous group exercise duration decreased to 447 
+ 144 seconds. However, this decrease was not 
statistically significant. Similar treatment effects 
were seen for time to 1-mm ST depression. 

Sublingual nitroglycerin remained effective in 
all 3 groups and on all days. Eleven actively 
treated patients and 1 patient taking placebo 
discontinued the study because of headache. It is 
concluded that continuous use of transdermal ni- 
troglycerin remains partially effective and inter- 
mittent therapy remains fully effective in improv- 
ing long-term exercise capacity with acceptable 
adverse effects in patients with stable angina 
pectoris. 

(Am J Cardiol 1991:68:857-862) 
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fter the introduction of transdermal nitroglyc- 
A erin, conflicting data regarding efficacy for sta- 

ble angina were published.'-!* The problem of 
nitrate tolerance led to doubt about the long-term bene- 
fits of continuous transdermal nitrate therapy. Studies 
of short-term effect (<6 hours after application) gener- 
ally showed increased exercise tolerance. However, af- 
ter 24 hours of continuous transdermal nitrate therapy, 
several studies showed attenuation of the initial benefi- 
cial effect despite constant plasma concentrations.!~3 
Therefore, intermittent use with a nitrate-free interval 
of at least several hours was suggested.!>-!9 We con- 
ducted a randomized, placebo-controlled study in pa- 
tients with stable angina to investigate short- and 
long-term efficacy and tolerability of continuous and 
intermittent use of transdermal nitroglycerin and the 
efficacy of sublingual nitroglycerin during long-term ni- 
trate treatment. 


METHODS 

Patients: The study was performed in 5 participat- 
ing centers and approved by the ethical committees of 
each center. All patients gave informed consent. 

INCLUSION CRITERIA: These were (1) a typical history 
of stable angina pectoris class II or III according to the 
New York Heart Association for >4 weeks before the 
study, (2) rapid relief of angina by sublingual nitroglyc- 
erin, and (3) previous exercise test with >l-mm ST 
depression. 

EXCLUSION CRITERIA: These were (1) myocardial in- 
farction within 3 months before entry, (2) coronary by- 
pass surgery within the past 6 months, and (3) electro- 
cardiographic abnormalities interfering with the assess- 
ment of ischemic ST-segment changes. 

Study design: The study was a multicenter, double- 
blind, randomized, placebo-controlled comparison be- 
tween 3 groups. All long-acting nitrate medication had 
to be stopped 23 days before the start of the study. An 
attempt was made to stop all other antianginal medica- 
tion except sublingual nitroglycerin. If discontinuation 
of either 6-blocking agents or calcium antagonists was 
not feasible, the dose was kept constant. 

The design of the study is shown in Figure 1. After 
a single-blind, placebo run-in week, a graded exercise 
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test (day 0) was performed between 3 and 7 hours after 
patch application on a bicycle ergometer starting at 50 
W with increments of 25 W every 3 minutes. If the 
exercise had to be stopped within 9 minutes because of 
angina pectoris the patient was eligible for randomiza- 
tion. The exercise test was repeated 30 minutes later, 5 
minutes after sublingual administration of 0.5 mg of 
nitroglycerin. Patients then were randomized to contin- 
uous or intermittent use of nitroglycerin or matching 
placebo patches. Throughout the study patients applied 
2 patches per 24 hours, 1 at wake-up and | at 10 P.M. 

For continuous use, both patches contained nitro- 
glycerin. For intermittent use, an active patch was ap- 
plied during daytime and a placebo patch at night, 
leading to a nitrate-free interval of approximately 10 
hours. Patients in the placebo group applied 2 placebo 
patches every 24 hours. An active patch contained 50 
mg of nitroglycerin with a constant delivery of 10 
mg/24 hours (Transiderm-Nitro 10, Ciba-Geigy, Arn- 
hem). After randomization on both days 1 and 14, ex- 
ercise testing was repeated under the same conditions 
and the same time intervals after patch application as 
day 0. The responsible physician did not attempt to in- 
terfere with the patient’s decision to terminate exercise. 
Patients were allowed to continue exercise after onset of 
angina. A complete electrocardiogram was recorded at 


Randomization 


Continuous 


Placebo 


Run-in 
(7 days) 


Placebo 


Wash-out 
(7 days) 


Intermittent 


Placebo 


Treatment 
(14 days) 


FIGURE 1. Study design. Exercise tests were performed on 
days 0, 1 and 14. 


g 
© 
< 
© 
g 
© 
< 
— 


Percentage 


]|Q{U TCWG. >°E>=#°'’™_ejwe N.: 


WW ww  “......we T.: 
MW]. 


BCG GQWv’?’>’ BTE'iF 


(QT, > J+ 


AG] ,’—"_"*°»=#l°tflk_.f[f"f#fkl’ 
BGK. GCG. J+ 


Xwi..BP.. 


+ 
Y 
F 
Yj 
f 
Yj 
f 
Y 


0 


KG GG. wt 


5 
€ 
S 
€ 
G 
2 
® 
á 
= 
© 
2 
I 
D 
Q 
g 


Continuous intermittent Placebo 


Angina pectoris 
[J No angina pectoris 


- Without s.l. nitroglycerin 
+ With s.l. nitroglycerin 





AGW, Ss 





rest, every minute during exercise, at peak exercise and 
after exercise until the electrocardiogram returned to 
baseline. Blood pressure was measured at rest and ev- 
ery 3 minutes during exercise. From day 15 all patients 
received placebo medication again for 1 week (single- 
blinded) and were interviewed on day 21. Each visit, 
possible rebound and adverse effects such as increased 
angina or increased use of sublingual nitroglycerin were 
recorded with the help of a diary. 

Parameters of efficacy and data analysis: Prospec- 
tively, it was decided to assess efficacy by consecutive 
exercise testing both with and without the prophylactic 
use of sublingual nitroglycerin using (1) total exercise 
duration, (2) time to onset of angina, and (3) time to 1 
mm ST depression as relevant end points. Total exer- 
cise duration and time to 1 mm of ST-segment depres- 
sion were analyzed with a univariate approach to the 
analysis of variance and covariance using a repeated- 
measures model. If no ST depression was recorded, as 
occurred in <10% of the patients during exercise with- 
out sublingual nitroglycerin, total exercise duration was 
substituted. 

Approximately 30% of the patients experienced no 
angina during exercise without sublingual nitroglycerin 
on days | or 14, or both (Figure 2). Analysis of vari- 
ance was therefore (in retrospect but before revealing 
treatment protocol) considered inappropriate, and a 
survival analysis with a product-limit estimate with on- 
set of angina as end point using Mantel-Cox and Bres- 
low test statistics was used. Exercise duration was the 
end point for the patients without angina. Patients who 
discontinued the study before day 14 could not be used 
in the analysis of efficacy because exercise parameters 
on day 14 were not available. 

In the exercise tests with nitroglycerin, many pa- 
tients experienced no angina pectoris (approximately 
50%, Figure 2) or had no ST-segment depression >1 
mm (approximately 35%), thus failing to reach a de- 
fined end point. Therefore, only total exercise duration 
was analyzed. 


FIGURE 2. Angina during exercise. Bar 


patients 
stopped exercise on day 0 (baseline) be- 
cause of angina. s.l. = sublingual. 
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Chi-square analysis and paired ¢ tests were per- 
formed when appropriate. Differences were considered 
significant at a p value <0.05. The Biomedical Data 
Package (BMDP)? was used for all analyses. 


RESULTS 

Patient characteristics: One-hundred forty-one pa- 
tients were randomized after the exercise test on day 0. 
Blind review of the data showed that 14 randomized 
patients, equally divided between the 3 groups, could 
not be analyzed because of protocol deviations: in 7 pa- 
tients exercise testing on day | was not performed be- 
cause of an initial misunderstanding by one of the in- 
vestigators, data from | patient were incomplete, and in 
] patient total exercise duration on day 0 exceeded 9 
minutes. In 5 patients time between patch application 
and exercise testing was <3 hours on days 1 or 14. The 
remaining 127 patients comprised the study population. 
Differences in patient characteristics (Table I) were not 
statistically significant. 

Premature discontinuations and critical events: 
Nineteen patients (15%) did not complete the study to 
day 14, leaving 108 patients in the efficacy analysis. 
Baseline characteristics of these 19 patients were not 
different from the total study group (Table I). 

Two patients had a critical event (both were as- 
signed to placebo). A 61-year-old man with stable angi- 
na for 6 months died suddenly outside the hospital. He 
took no antianginal medication before the study. A 55- 
year-old woman with angina for 4 months was admit- 
ted to the hospital because of a myocardial infarction. 


She was given a 6 blocker and a diuretic because of 
hypertension, which were both continued throughout 
the study. Both critical events took place on week 4 
(run-out period). Therefore, data from these 2 patients 
were used in the analysis because all exercise tests were 
completed. 

Total exercise duration (Table Il, Figure 3): On day 
0 there was no statistical difference in exercise duration 
between the 3 groups. Total exercise duration remained 
constant in the placebo group on days 0, 1 and 14, 


TABLE I| Patient Characteristics 


Continuous Intermittent Placebo 













Number of patients 
Age (mean + SD, years) 
Men/women (no.) 





















Duration of angina 4.5 4.0 4.8 
NYHA classification (I/III) 31/14 24/16 32/10 
Myocardial infarction (no.) 21 12 19 
Coronary bypass surgery (no.) 5 6 11 
Previous long-acting nitrates 34 30 33 
(no.) 
Antianginal medication 
None 10 14 8 
Calcium antagonist 7 3 5 
B-blocking agent 16 13 21 
Both 12 10 8 
Premature discontinuation (no.) 
Headache 5 6 1 
Angina at night 0 1 0 
Progressive angina 0 0 1 
Poor compliance/other 2 l 2 





disease 












One hundred forty-one patients were randomized and 14 were excluded from the 
analysis because of protocol deviations. Of the remaining 127 patients, baseline 
a hn are given. NYHA = New York Heart Association; SD = standard 
eviation. 







TABLE II Results of Exercise Testing 


Without Sublingual Nitroglycerin 


Day 0 Day 1 


Time between patch application and exercise HSE 1.6 
for all groups (hours) 

Total exercise duration (sec) 
Continuous 
Intermittent 
Placebo 

Time to 1 mm ST depression (sec) 
Continuous 
Intermittent 
Placebo 

Time to angina (sec) (median) 
Continuous 
Intermittent 
Placebo 

Systolic blood pressure (mm Hg) 
Continuous 
Intermittent 
Placebo 

Heart rate at rest (beats/min) 
Continuous 
Intermittent 
Placebo 


406 + 115 
396 + 105 
394 + 110 


251 +130 
214 + 91 
262 + 154 


290 
270 
315 


425 
360 
420 


135.21 
135/t 21 
133 + 24 


68 + 17 
73:2 13 
Po We at 


6.0 + 1.3 


469 + 158 
475 +171 
404 + 124 


336 + 163 
287 + 143 
288 + 156 


123+ 18 
127+19 
127 = 21 


Bl t5 
76+ 14 
69 + 10 


With 0.5 mg Sublingual Nitroglycerin 


Day 14 
6.0 + 1.3 


Day 0 Day 1 


Day 14 


447 + 144 
483 + 140 
395 + 136 


531 + 192 
521 + 143 
446 + 129 


508 + 187 
510+ 170 
443 + 157 


511 + 180 
525 + 165 
443 + 137 


289 + 164 
295 + 131 
274 + 154 


345 
410 
360 


ZAE 22 
128 + 19 
127+ 18 


115 +21 
109 + 21 
108 + 18 


106 + 16 
104+ 19 
100 + 16 


111+ 16 
106 + 22 
105 + 17 


70. 4:15 
72+ 14 
ALET 


84 + 18 
88 + 19 
88 + 19 


86 + 16 
91 + 16 
85 +14 


83 + 15 
88 + 20 
85+17 


Values are expressed as mean + standard deviation. No values are given for time to 1 mm ST depression and time to angina during exercise with sublingual nitroglycerin because too 


many patients failed to reach these end points. 


Day 0 = before randomization; Day 1 = 3 to 7 hours after first patch application in the double-blind period; Day 14 = 2 weeks after randomization. 
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indicating that a training effect was absent. Both the 
intermittently and continuously treated patients exer- 
cised significantly longer on days | and 14 than on day 
0 (within-group comparison) and longer than the place- 
bo group (between group comparison) (overall test sta- 
tistics, p <0.001). On day 14 the intermittently treated 
patients showed a slight further increase in exercise du- 
ration, whereas the opposite occurred in the continuous- 
ly treated group. However, these trends were not statis- 
tically significant (p = 0.07, repeated-measures model). 

Exercise capacity 5 minutes after sublingual nitro- 
glycerin increased significantly (p <0.001) on days 0, 1 


TABLE ill Subset Analysis 
Day O 


Continuous 


NYHA II 
NYHA III 
Intermittent 
NYHA II 
NYHA III 
Placebo 
NYHA II 
NYHA III 


406+ 115 
386 + 113 


454 + 83 
343 + 106 


409 + 104 
346 + 126 


484 + 160 
418 + 152 


549 + 173 
419 + 158 


416 + 126 
361 +119 


449 + 139 
412 + 146 


543 + 164 
440 + 105 


418 + 134 
321 + 130 


Subset analysis of total exercise duration within the 3 treatment groups for 
classification according to the New York Heart Association (NYHA). 
Results are given in seconds (mean + standard deviation). 


Increment after 0.5 mg s.l. nitroglycerin 


200 





Exercise duration without s.l. nitroglycerin 





Intermittent 


Continuous 


Day 14 


Day 0 pa Day 1 AA 
FIGURE 3. Total exercise duration. Total exercise duration is 


shown on the bottom; the increment in total exercise duration 
after 0.5 mg of sublingual (s.l.) nitroglycerin is shown on the 


compared with placebo and day O0 by the repeated-measures 
model. 





and 14 in all 3 groups. However, in patients taking plá- 
cebo, exercise duration after sublingual nitroglycerin re- 
mained significantly shorter during all tests compared 
with exercise duration in both treated groups (p = 
0.02). 

Time to 1 mm of ST depression (Table Il): Although 
the entry criteria did not require >1 mm of ST-seg- 
ment depression during exercise, all but 4 patients had 
>1-mm ST depression during exercise on day 0. Time 
to |-mm ST depression was not significantly different 
between the 3 treatment groups on day 0, and re- 
mained constant during the consecutive exercise tests 
on days | and 14 in the placebo group. In both treated 
groups, a significant increase in time to 1-mm ST de- 
pression on days | and 14 was observed (p <0.001). 
On day 14 a slight further increase was seen in the 
intermittently treated group whereas a decrease was 
seen in the continuously treated group; these trends 
were not statistically significant (p = 0.07). 

In all exercise tests and in all 3 groups, after sublin- 
gual nitroglycerin was administered, 35% of the pa- 
tients had no ST depression during exercise. Therefore, 
no statistical analyses were performed for time to 1-mm 
ST depression during exercise with sublingual nitro- 
glycerin. 

Time to onset of angina (Table Il): The entry criteria 
for the study stipulated that all patients stopped the 
exercise test on day 0 because of angina. However, irre- 
spective of their treatment allocation, approximately 
30% of the patients experienced no angina during exer- 
cise on day | or day 14 (Figure 2). Median time to 
onset of angina was not statistically different between 
the 3 treatment groups on days 0, 1 and 14 (general- 
ized Wilcoxon test, p = 0.3). 

After sublingual nitroglycerin, >50% of all patients 
did not experience angina during the exercise tests 
(Figure 2). 

Hemodynamic parameters: Mean systolic blood 
pressure and heart rate before exercise testing on days 
0, 1 and 14 were comparable in all 3 groups (Table II). 
No significant trends were seen. Administration of sub- 
lingual nitroglycerin resulted in a similar, significant 
decrease in systolic blood pressure of 20 mm Hg (p 
<0.01) and a significant increase in heart rate of 10 
beats/min (p <0.01) in all groups and in all tests. 

Covariates: Analysis of covariance using previous 
myocardial infarction or bypass surgery, antianginal co- 
medication and functional class revealed that the in- 
crease in total exercise duration was the largest in pa- 
tients classified as New York Heart Association class II 
(Table III). From the other covariates none had a sig- 
nificant influence on the exercise results. 

Adverse reactions: Apart from the patients who dis- 
continued the study because of adverse effects, mild 
headache was reported in 55% of the continuously 
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treated patients and in 57% of the patients assigned to 
the intermittent group. In the placebo group, 20% com- 
plained of headache. In both the continuously and in- 
termittently treated groups, headache tended to dimin- 
ish in severity after several days of treatment. After 14 
days of treatment, 28% of the intermittently treated pa- 
tients, 20% of the patients in the continuous group and 
10% of the placebo group still complained of headache. 
Rebound effect: Clinical signs of a rebound effect 
during the week after cessation of transdermal nitrate 
treatment or in the nightly nitrate free interval in the 
intermittent group could not be demonstrated. No in- 
crease in frequency of anginal attacks or number of 
tablets of nitroglycerin consumed were reported. 


DISCUSSION 

The 3 issues of our study were (1) effectiveness of 
continuously applied transdermal nitroglycerin in the 
short- (<6 hours after patch application) and long- 
term treatment (14 days) of stable angina, (2) effect of 
a nitrate-free interval during the night to prevent toler- 
ance, and (3) continued effectiveness of sublingual ni- 
troglycerin during transdermal nitrate treatment. 

Effectiveness of continuous treatment: General 
agreement exists that in short-term testing (<6 hours 
after application), nitrate patches are effective as mea- 
sured by a significant increase in total exercise dura- 
tion, regardless of the dose used. Results of long-term 
efficacy (24 hours to 1 week) of continuously applied 
nitroglycerin patches are more conflicting.*!- In a 
meta-analysis?’ in which the pooled results of 17 ran- 
domized trials of transdermal nitrate patches were ana- 
lyzed, no significant improvement in exercise tolerance 
24 hours after patch application was shown. 

In our study transdermal nitroglycerin (10 mg/24 
hours) significantly improved total exercise duration 
and time to l-mm ST depression, both during short- 
term testing and during long-term continuous use. Af- 
ter 14 days of treatment, a statistically insignificant de- 
crease in exercise capacity and decrease in time to 1- 
mm ST depression was observed. A number of possible 
reasons can be stated to explain the reported differences 
in long-term efficacy of transdermal nitroglycerin.” 
Based on the results of this study, the following expla- 
nations can be added: 

|. PATIENT SELECTION: An interaction can exist 
between different antianginal medications.?? In some 
studies antianginal medications other than long-acting 
nitrates were administered; in other studies all medica- 
tion was withdrawn before randomization, which could 
introduce a selection bias of patients considered eligible 
for the study. In our study, 6-blocking agents or calci- 
um antagonists, or both, were allowed provided that the 
dose was kept constant. No significant influence of 
antianginal co-medication on the results was seen. 


The functional class of the patients is not mentioned 
in almost all the studies. Our results showed a greater 
effect of transdermal nitroglycerin in patients in New 
York Heart Association functional class II than in pa- 
tients in functional class III. Thus, studies incorporating 
many patients in class III are possibly less likely to 
show an effect. 

2. CRITERIA TO TERMINATE THE EXERCISE TEST: In our 
study, approximately 30% of all patients experienced no 
angina pectoris during exercise testing on days | or 14, 
or both, and stopped only because of exhaustion or dys- 
pnea. 

The absence of angina in such a large number of 
patients is no indication of a possible training effect 
because total exercise duration remains virtually un- 
changed in the placebo group. However, this observa- 
tion raises questions about the use of angina pectoris as 
an end point in efficacy studies using exercise testing 
because of its subjective nature and the possible influ- 
ence of the investigator and the patient in reporting 
symptoms. This concerns not only angina as a criterion 
to terminate exercise, but also, the use of time to onset 
of angina as efficacy parameter. 

Angina pectoris can be absent and, therefore, is an 
insufficient end point requiring appropriate statistical 
analysis. This problem is mentioned in only a minority 
of the published studies,!33°3! and total exercise dura- 
tion is substituted for time to onset of angina. This pos- 
sibly underestimates the true treatment effect. 

In our opinion, total exercise duration during symp- 
tom-limited exercise is the most reliable efficacy pa- 
rameter as long as the investigator does not attempt to 
interfere with the patient’s decision to terminate exer- 
cise. 

Benefit of a nitrate-free interval: Because of the re- 
ported lack of efficacy of long-term continuous treat- 
ment, alternative dosing strategies were used to over- 
come the suggested nitrate tolerance. Relatively small 
studies using a daily nitrate-free interval by overnight 
removal of the patch showed a significant increase in 
exercise tolerance after 1 week of treatment.!>-!* De- 
Mots and Glasser? showed in a large, parallel-designed 
study that long-term efficacy of intermittent therapy 
was present using patches delivering nitroglycerin, 15 or 
20 mg/24 hours. Our results are partly in agreement 
with these observations, but do not indicate how many 
hours after patch application in the intermittent group 
efficacy persists; however, it must be 26 hours. Only 
Waters et al?! observed no significant effect on exercise 
end points after 3 days of different intermittent dosing 
strategies in 36 patients. 

Efficacy of sublingual nitroglycerin: Sublingual ni- 
troglycerin significantly increased total exercise dura- 
tion to the same level on days 0, 1 and 14 in both ac- 
tively treated groups, indicating sustained efficacy of 


NITROGLYCERIN IN STABLE ANGINA PECTORIS 861 


sublingual nitroglycerin over the already present nitro- 
glycerin in the blood. In all 3 consecutive exercise tests, 
exercise duration after sublingual nitroglycerin was the 
same, indicating a maximal exercise performance af- 
ter sublingual nitroglycerin, irrespective of prophylactic 
treatment with transdermal nitrates or a limit to the 
vasodilatory potentials of nitroglycerin. This observa- 
tion was supported by the fact that, after sublingual 
nitroglycerin, most patients stopped exercising because 
of exhaustion instead of angina pectoris and an in- 
creased number of patients had no ST-segment depres- 
sion during exercise. We cannot explain the observation 
that the increase in total exercise duration after sub- 
lingual nitroglycerin in the placebo group remained 
shorter than in both treated groups on days 0, | and 14. 

Rebound angina after cessation of nitrate therapy: 
During the nitrate-free intervals in the intermittently 
treated group and after discontinuing transdermal ni- 
troglycerin on day 14 in all groups, no clinical evidence 
of rebound angina was observed. However, this may be 
a measure of rebound angina that is too insensitive, as 
demonstrated recently by DeMots and Glasser*° who 
showed an increase in nonexertional angina during the 
patch-off periods using intermittent dosing strategies of 
transdermal nitroglycerin. 

Study limitations: The possible limitations of the 
study are: (1) Lead-in exercise tests to assure stabiliza- 
tion of end points were not performed. The stability of 
total exercise duration in the placebo group, however, is 
a reasonable assumption that no major training effect 
was present. (2) Adverse effects (i.e., headache) could 
possibly interfere with keeping the investigator unaware 
of the patients’ treatment assignment. The fact that pa- 
tients given placebo also complained of headache indi- 
cates that this problem is probably of minor importance 
in this study. (3) It remains unclear why so many pa- 
tients did not experience angina on days | and 14, in- 
cluding the placebo group. This underscores the fact 
that angina pectoris is an unreliable efficacy parameter 
and a potential source for interference with other end 
points if angina is used as a primary end point. It indi- 
cates that emphasis should be given to total exercise 
duration as an efficacy parameter during symptom-lim- 
ited exercise testing. 
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Oxidized low-density lipoprotein (LDL) interacts 
with macrophages to induce intracellular choles- 
terol ester accumulation and foam cell formation. 
Probucol is a lipid-lowering drug with a well- 
known antioxidant action. The thiobarbituric 
acid (TBA)-reacting substances were measured 
as an index of plasma and LDL lipid peroxidation 
in a group of hypercholesterolemic patients com- 
pared with a normolipidemic control group. The 
effect of probucol treatment on plasma and LDL 
lipid peroxidation in the hypercholesterolemic 
group was also evaluated. Twenty-five patients 
(10 men and 15 women) with total cholesterol 
levels >6.5 mmol/liter were given probucol for 
24 weeks. Lipid and apoprotein measurements 
were obtained at 0, 12 and 24 weeks. TBA-re- 
acting substances were also measured in plasma 
and the LDL fraction. Twenty-five normolipide- 
mic subjects matched for sex, age and body 
mass index underwent complete blood analysis 
for purposes of comparison at week 0. Plasma, 
LDL and high-density lipoprotein cholesterol, 
and plasma apoproteins A-I and B significantly 
decreased after 12 and 24 weeks of probucol 
treatment. Hypercholesterolemic subjects (men 
and women) had significantly higher TBA-react- 
ing substances in plasma and LDL than control 
subjects had (p <0.05). The amount of TBA-re- 
acting substances in plasma and LDL showed a 
very significant decrease after probucol treat- 
ment (40 and 44%, respectively, after 24 weeks; 
p <0.05). This reduction was not related to age, 
sex or body mass index, and was greater than 
the decrease in lipids. These results support a 
potential role for probucol as a coadjuvant drug 
in any lipid-lowering antiatherogenic therapy. 
(Am J Cardiol 1991;68:863-867) 
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uman macrophages accumulate cholesterol 
H ester derived from previously modified low- 

density lipoprotein (LDL). Different chemi- 
cal and biologic modifications of LDL, such as acetyla- 
tion, malondialdehydration, and so forth, induce foam 
cell formation by interaction with a receptor present in 
macrophages that is different from the apoprotein B-E 
receptor previously described.!* This scavenger recep- 
tor has recently been fully characterized. Steinbrecher 
et alt demonstrated that oxidation of LDL modifies the 
particle producing a product that interacts with the 
macrophage (scavenger) receptor. Massive intracellular 
cholesterol ester accumulation and foam cell formation 
is induced by this process. Free radicals released from 
endothelial or smooth muscle cells, or macrophages 
could be responsible for in situ LDL oxidation in the 
arterial wall. A rapid oxidized LDL uptake by the 
phagocytic cells in the liver and the spleen can explain a 
low level of plasma circulating modified LDL. Some 
studies have reported increased levels of plasma peroxi- 
dation products in subjects with arteriosclerotic dis- 
eases,’ and low but detectable oxidated LDL levels 
have been measured in vivo in men with diabetes.’ 
Therefore, conditions leading to increased LDL oxida- 
tion must be considered to be possible cardiovascular 
risk factors. Alternatively, antioxidants could provide 
protection against cardiovascular disease. 

Probucol is a hypocholesterolemic agent with an im- 
portant antioxidant effect, and has been implicated in 
xanthoma reduction in humans? and in atherosclerotic 
plaque regression in the Watanabe rabbits.!° To evalu- 
ate the possible clinical implications of probucol treat- 
ment in lipoprotein oxidation in humans we have mea- 
sured plasma and LDL peroxidation products in hy- 
percholesterolemic subjects before and after probucol 
treatment. 


METHODS 

Patients: This study comprised 25 hypercholesterol- 
emic patients (10 men and 15 women, aged 25 to 65 
years [men, 48 + 13; women, 56 + 11]; body mass 
index [wt/ht?] 27 + 3 [men] and 26 + 4 [women]) 
attending the lipid clinic of our hospital. The inclu- 
sion criterion was plasma total cholesterol levels >6.5 
mmol/liter measured in 2 samples obtained at 2-week 
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TABLE I Lipid and Apoprotein Levels of Hypercholesterolemic Patients During Probucol Treatment (weeks 0, 12 and 24) and of 


Control Subjects 


No. of 
Subjects & Sex 


Total 
Cholesterol 
(mmol/liter) 


Plasma 
Triglycerides 
(mmol/liter) 


LDL 
Cholesterol 
(mmol/liter) 


HDL 
Cholesterol 
(mmol/liter) 


Apoprotein A-I 
(g/liter) 


Apoprotein B 
(g/liter) 


Control Subjects 


5.52 + 0.44 
9.73, 2.1.01 
5.62 + 0.76 


7.14 + 0.54* 
8.24 + 1.54*ł 
7.80 + 1.34* 


6.31 + 0.45*t 
6.85 + 0.86*t 
6.64 + 0.77*ł 


6.53 + 0.65* 
7.06 + 1.04*ł 
6.85 + 0.93*t 


1.26 + 0.34 
1.14 + 0.56 
1.20 + 0.45 


2.01 + 0.90* 
1.33 + 0.83T 
1.60 + 0.90 


1.80 + 0.83 
1.20 + 0.51 
1.42 + 0.70 


1.66 + 0.67¢ 
1.26 + 0.50 
1.42 + 0.60 


3.82 + 0.48 
4.24 + 0.97 
4.03 + 0.77 


5.03. + 0.55* 
5.91 + 1.36*t 
5,56: 1,18* 


4.37 + 0.53*t 
5.06 + 0.73tt 
4.79 + 0.73*t 


4.72 + 0.74* 
5.24 + 0.92*ł 
5.03 + 0.87*t 


1.13 + 0.35 
0.96 + 0.21 
1.04 + 0.30 


1.18 + 0.31 
1.77 + 0.26*t 
1.53 + 0.40* 


0.90 + 0.204 
1.22 + 0.20*tt 
1.09 + 0.254 


1.02 + 0.34 
1:25 + 0.28" 
1.16 + 0.324 


1.08 + 0.19 
1.01. £:0:13 
1.04 + 0.17 


1.27 + 0.32 
1.50 + 0.18*t 
1.42 + 0.26* 


1.04 + 0.12 
1.09 + 0.13t 
1.07 + 0.134 


1.10+0.13 
1.15 + 0.10*¢ 
1-13 +-0.114 


0.93 + 0.14 
1.03 + 0.17 
0.98 + 0.16 


1335. +.0.23* 
1.26 + 0.41 
1.29 + 0.35* 


1.13 + 0.10*t 
1.06 + 0.194 
1.09 + 0,16*} 


1.20 + 0.22* 
1.11 + 0.304 
Lie 0.2775 


*p <0.05, Mann-Whitney test for patients versus control subjects; tp <0.05, Mann-Whitney test for men versus women in the same group; tp <0.05, Kendall test followed by 


Wilcoxon test applied to values in weeks 12 and 24 compared with week O values. 
DL = high-density lipoprotein; LDL = low-density lipoprotein. 


intervals after a period of 2 months on a lipid-lowering 
diet. 

Patients with triglyceride levels >4 mmol/liter, with 
diabetes, with any metabolic or neoplastic diseases, or 
with clinical manifestations of atherosclerosis were not 
included in the study. The patients chosen were either 
not receiving other lipid-lowering drugs or, if so, under- 
went a 2-month washout period. Patients previously re- 
ceiving probucol treatment were not selected for this 
study. Twenty-five normolipidemic, healthy volunteers 
(10 men and 15 women, aged 25 to 65 years [men: 47 
+ 12; women: 56 + 10], body mass index 27 + 2 
[males] and 27 + 4 [females]) were selected for compar- 
ative purposes as a control group at week 0. All 50 
subjects gave written informed consent. 

Patients were on a low-saturated fat diet and control 
subjects were on the usual Mediterranean diet.!! After 
a 2-month diet period patients were administered pro- 
bucol 500 mg/12 hours. Blood samples for lipoprotein 
analysis and peroxidation product measurements were 
obtained at the beginning of the study, and after 12 and 
24 weeks. Only 1 sample was taken from the control 
group. Blood samples were obtained from subjects fast- 
ing for 212 hours and were collected into tubes con- 
taining 1 mg/ml of ethylene diaminetetraacetic acid di- 
sodium salt 2-hydrate as anticoagulant and antioxidant. 
After centrifugation, the plasma was divided into 3 ali- 
quots, 1 for general biochemical analysis, another for 
lipoprotein studies, and the third was stored under ni- 
trogen at —20°C for up to 3 months, until it was pro- 
cessed for plasma peroxidation products. 





LDL was obtained by sequential preparative ultra- 
centrifugation!* and was divided into 2 aliquots, 1 for 
lipid measurement and | for peroxidation products with 
added ethylene diaminetetraacetic acid disodium salt 2- 
hydrate. Samples from control subjects and patients 
were treated in exactly the same way with equal stor- 
age periods. 

Lipid peroxidation measurements: Plasma and 
LDL lipoperoxide concentrations were estimated by a 
modification of the method of Yagi.!? In brief, 4 ml of 
sulfuric acid (N/12) and 0.5 ml of phosphotungstic 
acid were added to 20 ul of plasma. After centrifuga- 
tion, this procedure was repeated with the precipitate. 
The precipitate was redissolved with 4 ml of purified 
Milli-Q water and 1 ml of fresh thiobarbituric acid 
(TBA) reagent (0.67% TBA aqueous solution plus gla- 
cial acetic acid 1:1, v:v) was added. The mixture was 
heated to 100°C for 1 hour in a water bath. The sam- 
ple was allowed to cool, 5 ml of n-butanol at 4°C was 
added and the tubes were gently mixed by total tube 
inversion exactly 100 times in order to get a good 
and reproducible peroxidation-product extraction. After 
centrifugation, an aliquot of the supernate was read in 
a spectrofluorimeter (Aminco-Bowman) at 542 and 
548 nm of excitation and emission wavelengths, respec- 
tively, using quartz cuvettes. The standard curve was 
prepared after the standard addition method!* by add- 
ing 0, 25 and 50 ul of a freshly prepared diluted aque- 
ous solution of 1,1,3,3-tetraethoxypropane (4.05 - 1075 
M) to duplicates of some of the samples. Results were 
expressed as nmol malondialdehyde/ml plasma. 
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The same procedure was used for LDL peroxida- 
tion-product measurements, except the sulfuric acid 
pretreatment was excluded. All measurements were ob- 
tained in triplicate. The inter- and intrabatch variation 
coefficients were 3.2 and 5.5%, respectively. 

Other lipid measurements: High-density lipoprotein 
(HDL) was determined by precipitation with heparin 
and manganese chloride.!> Cholesterol and triglycerides 
in plasma, and LDL and HDL were measured by the 
CHOP-PAP and GPO-PAP enzymatic methods of 
Boehringer-Mannheim, Germany. Plasma apoproteins 
A-I and B were measured by immunoturbidimetric 
methods. !® 

Statistical analysis: All data manipulations were 
performed using the SPSS/PC+ statistical package. 
The Kendall, Wilcoxon and Mann-Whitney tests were 
used where indicated. Linear correlations and multiple 
regression analysis were performed to establish the vari- 
ables relating to the TBA-reacting substance changes. 
The statistical significance was established for a 2- 
tailed p value <0.05. 


RESULTS 

No adverse effects were observed during probucol 
treatment. 

Lipid and apoprotein A-I and B values in the con- 
trol and in the hypercholesterolemic groups at 0, 12 and 
24 weeks are listed in Table I. Values for TBA-reacting 
substances in plasma and for LDL in control and hy- 
percholesterolemic subjects are listed in Table II. 

Levels of plasma total cholesterol (15 and 13%) and 
LDL cholesterol (14 and 10%) decreased significantly 
in the treated group at 12 and 24 weeks, respectively (p 
<0.05 compared with week 0 values) (Figure 1). HDL 
cholesterol decreased during probucol treatment by 24 
and 20% at 12 and 24 weeks, respectively (p <0.05 
compared with week 0 values). Apoprotein A-I levels 
showed a decrease that was almost parallel to the de- 
crease in HDL cholesterol. The apoprotein B concen- 
tration was significantly reduced by 15 and 11% at 12 
and 24 weeks, respectively (p <0.05 compared with 
week 0 values). There was a significant diminution in 
the TBA-reacting substances concentration, both in 
plasma (26 and 40%) and LDL fraction (27 and 44%), 
during probucol treatment at 12 and 24 weeks, respec- 
tively (p <0.05 compared with week 0 values). After 3 
months of treatment, the TBA-reacting substances val- 
ues were not different from those in the control group. 
The response to treatment was better in women. 

No correlations were found between the probucol 
lipid-lowering effect and the decrease in the TBA-re- 
acting substances. Age, sex and body mass index did 
not influence the variations observed when analyzed by 
multiple regression test. The reduction in total and 
LDL cholesterol levels reached a steady state after 12 


TABLE If Plasma and LDL Peroxidation Products 
(TBA-reacting substances) in the Hypercholesterolemic Group 
During Probucol Treatment (weeks 0, 12 and 24) and in the 
Control Group 


Plasma LDL 
No. of Peroxidation Peroxidation 
Subjects & Sex (nmol/ml) (nmol/ml) 


Control Group 


10M 5:33 +°1.79 1.95 + 0.66 
15F 3.69 + 1.85 1.64 + 0.63 
25 4.61 + 1.95 1.83 + 0.65 


Hypercholesterolemic Group (week 0) 


10M 7.49 + 1.61* 2.92 %.0.57* 
15F 782.4257? A Bho he BE EY 
25 7.69.2 2.19" 3.294 L075 


Hypercholesterolemic Group (week 12) 


10 M 5.54 + 1.81ł 2.31 + 0.66t 
15F 5.87 + 1.63*} 2,495 2 O51" 
25 5.74 + 1.67t 2.57 + 0.60*t 


Hypercholesterolemic Group (week 24) 


4.74 + 1.00T 2.03 + 0.61T 

4.33 + 1.60T 2.17 + 0.497 

4.47 + 1.41f 2.12 + 0.53t 
*p <0.05, Mann-Whitney test for patients versus control subjects; tp <0.05, 
Kendall test followed by Wilcoxon test applied to values in weeks 12 and 24 compared 


with week O values, 
LDL = low-density lipoprotein; TBA = thiobarbituric acid. 





FIGURE 1. Mean percentages of variation of total and low- 
density lipoprotein cholesterol (T-C and LDL-C), and of lipid 
peroxidation products of plasma and low-density lipoprotein 
(T-P and LDL-P) after 12 and 24 weeks of probucol treatment 
in hypercholesterolemic subjects. Open circles, significant dif- 
ference between week O and week 12 (p <0.05); closed cir- 
cles, significant difference between week O and week 24 (p 
<0.05); triangles, significant difference between week 12 and 
week 24 (p <0.05),. 
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weeks, whereas the reduction in TBA-reacting sub- 
stances both in plasma and LDL progressed during 
treatment (Figure 1). 


DISCUSSION 

The TBA reaction is a widely used method to evalu- 
ate the presence of peroxidation products in tissues and 
plasma. 

Peroxidation products in plasma and LDL have 
been previously detected in vivo in survivors of transito- 
ry ischemic attack,’ and in diabetic® and hyperlipide- 
mic subjects.!’ The levels observed were similar to 
those in our study. 

A very interesting finding was that significantly 
higher levels of TBA-reacting substances were observed 
both in plasma and LDL fraction in our hypercholes- 
terolemic than in our normocholesterolemic control 
subjects. The reason why hypercholesterolemic patients 
have an increased LDL peroxidation is not known. 
LDL peroxidation probably occurs in the arterial wall 
during atheromatous plaque formation. Free radi- 
cals delivered from macrophages!® or endothelial cells5 
could explain lipoprotein modification, and these in situ 
modified lipoproteins probably interact with monocyte- 
derived macrophages to induce foam cell formation. 
The very low levels of circulating, oxidized and other 
modified lipoproteins are probably due to the fast re- 
moval of these lipoproteins by the scavenger cell recep- 
tor pathway of endothelial and Kupffer cells in the liver 
and in other mononuclear phagocytic cells.° 

In a multicenter study we observed that polygenic 
hypercholesterolemic patients had a lower apoprotein 
B-E receptor activity and fractional catabolic rate, re- 
sulting in an increased LDL half-life and, therefore, a 
longer exposition to any putative oxidative condition.!? 
The pathophysiologic role of the small amounts of 
TBA-reacting substances detected in the LDL fraction 
is not clear, because gross LDL modification is neces- 
sary for an increased LDL uptake by macrophages.?° 
Perhaps our results should be interpreted as an index of 
LDL-peroxidation susceptibility in these patients rather 
than as an absolute value. 

Probucol is a well-known hypocholesterolemic agent 
with a very important antioxidant action. The fact that 
probucol is transported within the LDL molecules pre- 
vents the oxidative modification of LDL.?! This drug 
reduces LDL and HDL cholesterol by 20% on aver- 
age,?? with many individual variances. Despite HDL 
reduction, xanthelasma and xanthoma decreasing ef- 
fects have been clearly demonstrated, and they are 
thought to be due to the drug’s antioxidant effect.? 

Carew et al,!° in a very elegant experiment conduct- 
ed in the Watanabe rabbits using lovastatin and probu- 
col in doses matched to reduce the LDL cholesterol to 


the same level, showed that the rabbits treated with 
probucol achieved a reduction in arteriosclerotic lesions 
compared with rabbits treated with lovastatin. This dif- 
ference was postulated to be due to probucol’s antioxi- 
dant effect. 

During probucol treatment, our subjects showed 
a significant decrease in plasma and LDL-oxidation 
products. Our in vivo results are supported by the find- 
ings of Parthasarathy et al,” using an in vitro model. 
The effect of probucol on the decrease in LDL oxida- 
tion was greater than on the decrease in plasma lipids 
and was independent of the lipid-lowering effect, sug- 
gesting that the decline in TBA-reacting substances 
was not related to the cholesterol-lowering effect (Fig- 
ure 1). It was also independent of sex, age or lipid levels 
at week 0. 

The decrease in TBA-reacting substances in plasma 
and LDL fractions observed in hypercholesterolemic 
patients taking probucol therapy could be of great in- 
terest as an index of a lower predisposition of LDL to 
be oxidized in hyperlipemic subjects treated with pro- 
bucol. This suggests a coadjuvant role for probucol in 
any hypolipemic antiatherogenic therapy. 
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Evaluation of Transient Mitral Regurgitation in 
Coronary Artery Disease 


George Fehrenbacher, MD, Donald H. Schmidt, MD, and William J. Bommer, MD 





The pathoanatomy and factors associated with 
transient mitral regurgitation (MR) induced by 
myocardial ischemic stress are unknown. 
Changes in valvular and ventricular parameters 
during transient, stress-induced MR in patients 
with coronary artery disease were investigated, 
and the clinical characteristics of these patients 
were identified. Color flow Doppler echocardiog- 
raphy was used to quantify the MR color area, 
the coaptation point of the mitral leaflets, the mi- 
tral valve anulus diameter, and left ventricular 
volumes and wall motion in 42 patients before 
and immediately after exercise echocardiogra- 
phy (group 1, n = 27), or before and during per- 
cutaneous transluminal coronary angioplasty 
(PTCA) (group 2, n = 15). Of the 27 patients 
with exercise echocardiography, 4 developed 
new, transient MR (group 1B) and 9 had MR 
both at rest and during exercise (group 1C). Of 
the 15 patients with PTCA, 7 developed new MR 
(group 2B). New MR (groups 1B and 2B) was 
associated with more severe stress-induced ven- 
tricular dyskinesia (p <0.05) than was seen in 
patients with chronic MR (group 1C) or in pa- 
tients without MR, and occurred predominantly 
in patients with left anterior descending or right 
coronary artery stenoses. Stress-induced MR 
was not associated with changes in blood pres- 
sure or in mitral valve anulus diameter, nor with 
the development of mitral valve prolapse. It was 
associated with apical displacement of the mitral 
leaflets in patients in group 1B and C (p <0.05). 
New MR flow areas were significantly smaller 
than those in patients with chronic MR (p 
<0.05),. 
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Thus, myocardial ischemic, stress-induced, 
transient MR is associated with ventricular dys- 
kinesia and not with the development of mitral 
valve prolapse. 

(Am J Cardiol 1991;68:868-873) 


itral regurgitation (MR) is often seen in pa- 
M tients with coronary artery disease, and has 

frequently been ascribed to “papillary mus- 
cle dysfunction.” Originally, Burch et al! proposed that 
papillary muscle dysfunction could be due to either mi- 
tral valve prolapse or incomplete mitral valve closure. 
Subsequent studies of humans have supported a num- 
ber of mechanisms for papillary muscle dysfunction, in- 
cluding prolapse of the mitral valve (not due to mitral 
valve prolapse syndrome),?~4 incomplete mitral leaflet 
closure, mitral anular dilation,’ and accompanying 
ventricular dyskinesia or dilation.°© Studies of dogs 
have shown that infarction of both the papillary muscle 
and the left ventricular wall, where the papillary muscle 
inserts, are needed for maximal MR.8-!0 However, the 
studies of humans have focused on chronic MR in pa- 
tients with coronary artery disease, and little investiga- 
tion has been performed on transient MR. This study 
evaluates changes in valvular and ventricular parame- 
ters during transient MR in patients with coronary ar- 
tery disease. We used color flow imaging to detect and 
to semiquantitate MR during ischemic maneuvers. 


METHODS 

Patients: Thirty-five consecutive patients (26 men 
and 9 women aged 46 to 79 years [mean 62.7]) with 
chest pain and suspected coronary artery disease were 
referred for exercise echocardiography. One patient 
had a technically difficult examination secondary to the 
patient’s body habitus and was excluded from the study 
group. The remaining 34 patients underwent 2-dimen- 
sional and color flow Doppler echocardiographic exami- 
nations, at rest and immediately after an upright tread- 
mill stress test, using a Bruce protocol. The study group 
represented the usual spectrum of patients who are re- 
ferred for exercise echocardiographic testing in our in- 
stitution. Of these 34 patients, 27 were diagnosed as 
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having coronary artery disease and were included in the 
final study group (group 1). 

Group 2 consisted of 15 patients (10 men and 5 
women, aged 33 to 82 years [mean 56.5]) referred 
for elective percutaneous transluminal coronary angio- 
plasty (PTCA). Patients selected for group 2 fulfilled 
all of the following baseline criteria: (1) adequate apical 
baseline echocardiographic study obtained in supine po- 
sition; (2) no evidence of mitral valve abnormalities, 
MR or mitral prolapse on the baseline contrast ventric- 
ulogram or on the 2-dimensional and color flow Dopp- 
ler echocardiograms; and (3) normal or near-normal 
wall motion on contrast ventriculography and on echo- 
cardiography in the myocardial region served by the 
coronary artery selected for dilatation, with no collater- 
al flow visualized on arteriography. 

The 15 patients in group 2 were selected so as to be 
equally divided among the 3 major coronary arteries (5 
right, 5 left anterior descending and 5 circumflex) for 
angioplasty. All patients gave informed consent to par- 
ticipate in the research protocol that was approved by 
the institution’s internal review board. 

Echocardiographic examination: Exercise echocar- 
diography was performed using a Toshiba SSH-65A 
imaging system and a 2.5-MHz transducer. Images 
were obtained from the parasternal long- and short-axis 
views, and from the apical 4- and 2-chamber views, at 
rest and immediately after exercise (within 90 seconds 
of cessation of exercise). The apical views were ob- 
tained first after exercise, followed by the parasternal 
views. Blood pressure was measured before, during and 
after peak exercise using an arm sphygmomanometer. 

Echocardiography during angioplasty was per- 
formed using an Aloka SSD-860 imaging system and a 
2.5-MHz transducer. Images were obtained in the api- 
cal 4- and 2-chamber views both before and during in- 
flation of the balloon-tipped angioplasty catheter. Blood 
pressure was measured before, during and after PTCA, 
and pulmonary artery wedge pressures were obtained 
before and during balloon inflation. 

Echocardiographic measurements: Quantitative 
analysis of the 2-dimensional and color flow echocar- 
diographic images was performed by a computerized 
Dextra D-200 cardiac analysis system. The left ventric- 
ular endocardial border was traced in both diastole and 
systole, and segmental wall motion analysis was per- 
formed after apical realignment. Apical realignment 
was performed to compensate both for respiratory and 
cardiac motion, as well as for cardiac translation and 
rotation using the method of Schnittger et al.!! Left 
ventricular volumes and ejection fractions were ob- 
tained in each patient at baseline and either after exer- 
cise or during PTCA with use of a modified Simpson’s 


Rule formula. Ejection fractions and volumes were ob- 
tained from the single-plane apical 4- or 2-chamber 
view only. 

The distance between the mitral leaflet coaptation 
point superior or inferior to the mitral valve anulus was 
measured (Figure 1). If the mitral leaflet coaptation 
point was superior to the mitral valve anulus (in an 
anatomial orientation), it was assigned a negative value, 
and if it was inferior to the anulus, it was assigned a 
positive value. The maximal mitral valve anulus diame- 
ter was also measured at peak systole. 

The maximal MR color flow disturbance area was 
planimetered at rest and either during balloon inflation 
or immediately after treadmill exercise. Color flow dis- 
turbance areas were obtained in the apical 4- or 2- 
chamber view in all patients. In patients with MR, the 
maximal and mean MR jet velocities were measured 
using a color-decoding pixel analysis algorithm. 

Echocardiographic analysis: A centerline segmental 
shortening fraction was calculated based on the method 
of Sheehan et al.!? The computer constructed a center- 
line midway between the end-diastolic and end-systolic 
endocardial tracings. One hundred equidistant chords, 
each corresponding to a myocardial segment, were 
drawn perpendicular to the centerline. The shortening 
fraction at each myocardial segment was calculated by 
dividing the chord length (cm) by the end-diastolic pe- 
rimeter (cm) and multiplying the result by 100. 

Left ventricular dyskinesia was quantified as the 
product of the number of segments of wall motion be- 
low 0% shortening fraction on the segmental wall mo- 


LV 


MLCP 


FIGURE 1. Schematic diagram of mitral leaflet coaptation 
point (MLCP) displaced inferior to mitral valve anulus into left 
ventricle (LV). The distance of is measured supe- 
riorly or inferiorly to the mitral valve anulus plane. LA = left 
atrium. 


TRANSIENT MITRAL REGURGITATION 869 


TABLE | Mean + Standard Deviation Results of Rest and Intervention Endocardial Tracings, Planimetered Mitral Regurgitant Flow 


Areas, and Anulus Measurements 


No. of 


Group MR Pts. ESV (cc) EDV (cc) 


MR Area 


EF (%) (cm?) MVAD (cm) MLCP (mm) 


At Rest 


78 + 22 
105 + 42 
134 + 78 

o7 = 21 
106 + 46 


*p <0.05 (1B with exercise, and 1C at rest and with exercise) compared with all other MLCP measurements; **p <0.001 compared with all other MR areas. 


No significant differences were found among groups for ESV, EDV, EF and MVAD. 


EDV = end-diastolic volume; EF = ejection fraction; ESV = end-systolic volume; EX = exercise; MLCP = mitral leaflet coaptation point; MR = presence of mitral regurgitation; MR 
Area = mitral regurgitant color flow disturbance area; MVAD = mitral valve anulus diameter; PTCA = percutaneous transluminal coronary angioplasty; R = rest. 


tion graphs, times the average negative shortening frac- 
tion. This product divided by the number of dyskinetic 
segments yielded the average amount of dyskinesia per 
segment. 

Statistical analysis: Statistical analysis was per- 
formed using the analysis of variance for differences 
between the groups of patients. 


RESULTS 

Of the 27 patients in Group 1 who had coronary 
artery disease and underwent exercise echocardiograph- 
ic testing, 14 showed no evidence of MR either at rest 


RED 


CENTER 


FIGURE 2. Apical 4-chamber color 


Doppler echocardiogram 
showing mitral regurgitation (MR) induced by stress during 
percutaneous transluminal coronary angioplasty. LA = left 
atrium; LV = left ventricle. 








or after exercise (group 1A), 4 developed transient MR 
only with exercise (group 1B) and 9 had MR both at 
rest and after exercise (chronic MR; group 1C). Of the 
15 patients in group 2, 8 had no evidence of MR at 
baseline or during balloon inflation (group 2A) and 7 
developed transient MR during balloon inflation (group 
2B). Figure 2 shows the echocardiogram of a typical 
patient who developed MR during PTCA. 

Table I shows the ventricular volumes, ejection frac- 
tions, MR flow areas, mitral anulus diameters and mi- 
tral leaflet coaptation points for each of the 5 patient 
subgroups at rest and after exercise or during balloon 
inflation. In group 1, the largest end-diastolic and end- 
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FIGURE 3. Segmental wall motion curves before and during 
percutaneous transluminal coronary angioplasty (PTCA) in the 
apical 4-chamber view. Note that during PTCA, dyskinesia de- 
velops in apex with hyperdynamic lateral wall. Area under the 
0% shortening line (shaded area) represents the dyskinesia 
product. FRACT = fraction. 
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systolic volumes were seen in patients with chronic MR 
(group 1C). End-diastolic and end-systolic volumes ap- 
peared to increase slightly during exercise in patients 
with chronic MR, and moderately in all patients who 
underwent balloon inflation, whether or not they 
had transient MR. However, in group 2B (MR with 
PTCA) the ratio of stress to baseline end-systolic vol- 
ume showed an inverse linear correlation with the area 
of MR (r = 0.89). 

MR flow areas increased from 0 to 0.8 cm? and 
from 0 to 1.3 cm? in patients with transient, stress-in- 
duced MR (groups 1B and 2B, respectively). MR flow 
area increased from 0.9 to 3.4 cm? in patients with 
chronic MR (group 1C; p <0.001 compared with all 
other MR areas). Mitral valve anulus diameter did not 
significantly change during either stress intervention. In 
group 1, the mitral leaflet coaptation point was dis- 
placed toward the apex when MR was present (group 
1B with exercise, and group 1C at rest and after ex- 
ercise). These values were statistically significant (p 
<0.05). The displacement was greater in patients who 
had an increase in end-systolic volume during exercise 


5 


Short Fract 


IB 


(MR during 
exercise) 


Short Fract 


FIGURE 4. Composite segmen- 
tal wall motion curves for the 5 
patient subgroups (IA, IB, IC, 
IIA and IIB), at rest and with 
stress. The average shortening IC 
fraction (Short Fract) per seg- lra hepatike 
ment is shown by solid line. Sa 
Hatched lines represent 2 stan- 

dard deviations on either side of 
the mean. MR = mitral regurgi- 
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(r = 0.73). Mitral leaflet displacement did not occur in 
the patients who underwent PTCA (group 2). 

Although the presence of transient MR did not cor- 
relate with changes in blood pressure during exercise or 
balloon dilation, the severity of MR did correlate with 
the pulmonary artery wedge V-wave amplitude in 
group 2B patients (r = 0.77). Additionally, maximal 
and mean jet velocities were not significantly different 
between groups. 

Dyskinesia: Figure 3 shows the wall motion analysis 
for a representative patient in group 2. A significant 
reduction in shortening fraction occurred in segments 
40 to 70, with dyskinesia in segments 45 to 62, in this 
patient who developed 2+ MR during balloon inflation. 
Composite segmental wall motion curves showing the 
mean + 2 standard deviations are displayed in Figure 4 
for each of the 5 patient subgroups. A reduction in 
shortening fraction and an increase in dyskinesia after 
exercise can be seen in group 1B, whereas persistent 
hypokinesia can be seen in group 1C. Group 2A devel- 
oped some hypokinesia and mild dyskinesia during bal- 
loon inflation, but this was more marked in group 2B. 
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TABLE II Mean + Standard Deviation Results of the 
Dyskinesia Product and Dyskinesia per Segment 


At Rest With Exercise or PTCA 


Dyskinesia Dyskinesia/ 
Product Segment 


Dyskinesia 
Product 


Dyskinesia/ 
Segment 


0.8+3 0 0 
0 t 12" > 0:7 e05* 
R/EX 5.0 + 7t K 7E I0 Q:3e 4 
0 0 VAs 2S Oe 2 
PTCA O 10.3 + 9* 0:74 55* 
*p <0.05 compared with groups 1A, 1C and 2A; tp <0.05 compared with all 


groups at rest. EX = exercise; MR = presence of mitral regurgitation; PTCA = 
percutaneous transluminal coronary angioplasty; R = rest. 


Table II lists the dyskinesia product and segmental 
dyskinesia average for all groups, at rest and with inter- 
vention. There was little or no dyskinesia at rest in pa- 
tients with no MR at rest (groups 1 and 2, A and B). 
Group IC patients (rest and exercise MR) had signifi- 
cant (p <0.05) dyskinesia at rest that did not change 
significantly after exercise. Group 1B and 2B patients 
(MR with stress only) developed significantly more 
dyskinesia with stress (p <0.05) than group 1A and 2A 
patients (no MR with stress). Additionally, group 1B 
and 2B patients had significantly more (p <0.05) dys- 
kinesia per segment with stress than even group IC pa- 
tients who had both rest and exercise MR. There was 
no significant difference between group 1B and 2B pa- 
tients. 

Clinical characteristics: All 11 patients who devel- 
oped new transient MR (4 in group 1B and 7 in group 
2B) had significant coronary artery disease (document- 
ed by catheterization or prior myocardial infarction). 
Nine of these patients had evidence of major left anteri- 
or descending or right coronary artery disease, | had a 
circumflex obstruction and 1 did not undergo cardiac 
catheterization. Three of the 4 patients who exercised 
(group 1B) had prior myocardial infarctions. The other 
patient who exercised developed ST elevation, chest 
pain and severe anterior dyskinesia during exercise, but 
had normal wall motion at rest by echocardiographic 
and angiographic evaluations. In group 2B, | patient 
underwent balloon dilation of a large circumflex artery, 
3 of the left anterior descending artery and 3 of a right 
coronary artery. Each of the patients with balloon dila- 
tion of the left anterior descending coronary artery had 
the artery reach the apex (type II), but not wrap 
around the apex to the inferior wall. 


DISCUSSION 

The etiology of MR appears to be multifactori- 
al,>®!3-!7 and comparing the factors influencing tran- 
sient and chronic MR in patients with coronary artery 
disease may provide an insight into some of the mecha- 
nisms responsible for mitral valve incompetence. Both 
transient and chronic MR appear to be associated with 





ventricular dyskinesia. In this study, dyskinesia was sig- 
nificantly associated with both preexisting and new 
MR. The patients who developed new MR with stress 
(groups 1B and 2B) had particularly large amounts of 
new dyskinesia. Dyskinesia has previously been associ- 
ated with chronic MR in patients with chronic heart 
disease.>° Dyskinesia, especially of areas of myocardi- 
um supporting the papillary muscles, could contribute 
to MR by displacing (laterally and inferiorly) the papil- 
lary muscles and the resultant tethering forces on the 
chordae and valve leaflets. This could result in a more 
inferior and less competent coaptation of the valve leaf- 
lets. The inferior (apical) coaptation point was seen in 
this study (group 1, B and C), and has been previously 
reported in chronic MR in patients with coronary ar- 
tery disease. The contribution of the lateral and out- 
ward displacements is less obvious, but may be inferred 
from the association between dyskinesia and worsening 
MR. 

The effects of transient MR on left atrial pressure 
paralleled those reported for chronic MR. In the group 
with PTCA, pulmonary artery wedge tracings showed 
significantly higher V-wave pressures in patients with 
larger MR areas (by planimetry). In this group, tran- 
sient MR occurred more frequently in patients with left 
anterior descending (n = 3) and right coronary artery 
(n = 3) stenoses than in those with circumflex coronary 
artery stenosis (n = 1). 

Some of the factors influencing the severity of 
chronic MR appear less important in influencing tran- 
sient MR. In this study, transient MR was not associ- 
ated with significant increases in mitral anulus diame- 
ter or cardiac volumes, or with decreases in ejection 
fraction that have been reported with chronic MR.®? In 
fact, the more severe transient MR seen in the group 
with PTCA was accompanied by smaller left ventricu- 
lar volume ratios (PTCA end-diastolic volume /baseline 
end-diastolic volume) that perhaps were secondary to 
acute unloading of the nonexercising ventricle. Similar- 
ly, transient MR was not associated with the develop- 
ment of prolapse of the mitral valve leaflet that has 
been reported in chronic MR and postulated in some 
patients after myocardial infarction??:4 or ischemia.!4 
Also, transient MR did not correlate significantly with 
increases in systolic blood pressure that have been re- 
ported in chronic MR.!? Thus, transient MR was not 
caused by prolapse and appeared to be little influenced 
by changes in mitral anular and ventricular size, and in 
systolic pressure, which have a significant influence on 
the severity of chronic MR. 
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Effects of Low-Dose Aspirin on Restenosis After 
Coronary Angioplasty 


Roger R. Taylor MB, BS, FRACP, Frances A. Gibbons MIR, Geoffrey D. Cope MB, BS, FRACP, 
G. Neil Cumpston MB, BS, FRACP, Geoffrey C. Mews MB, BS, FRACP, and Peta Luke 


After angioplasty of a previously untreated na- 


tive coronary artery and after 2 weeks of aspirin 
therapy, 216 subjects (aged <70 years without 
acute infarction) were randomized to treatment 
with soluble aspirin, 100 mg/day, or placebo to 
study the effect on restenosis. Follow-up, defined 
as angiography at 6 months, earlier angiograph- 
ic restenosis or coronary bypass surgery was 
completed by 108 aspirin- and 104 placebo- 
treated patients. Restenosis (stenosis >50% 
plus loss of 250% of gain, or surgery) occurred 
in 38 (35%) aspirin- and 45 (43%) placebo- 
treated subjects (p = not significant). No patient 
died. 

Restenosis occurred in 42 of 168 (25%) aspi- 
rin- and 51 of 135 (38%) placebo-treated le- 
sions (p <0.025). Aspirin-treated lesions 
(n = 163) had lost 16 + 22% (mean + standard 
deviation) of lumen and placebo-treated lesions 
22 + 25% of lumen (n = 134) at angiography (p 
<0.01). There were more left anterior descend- 
ing lesions in the placebo group and these had a 
higher recurrence rate than other lesions. The 
beneficial effect of aspirin was not dependent on 
this, although significance was reduced in sub- 
group analysis. Loss of lumen in left anterior de- 
scending lesions was 20 + 24% (n = 57) in the 
aspirin-treated and 27 + 25% (n = 70) in the 
placebo-treated lesions (p <0.1). 

It is concluded that there is a small beneficial 
effect of low-dose aspirin on restenosis after cor- 
onary angioplasty. Alone, this may be of margin- 
al clinical significance but, along with other evi- 
dence for benefit from aspirin therapy after cor- 
onary events, it suggests that aspirin therapy 
should be continued after coronary angioplasty. 

(Am J Cardiol 1991;68:874-878) 
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ecurrent stenosis remains a major problem af- 
Re percutaneous transluminal coronary angio- 

plasty (PTCA). It occurs, usually within 6 
months, in 230% of patients having adequate angio- 
graphic follow-up.!-15 Whereas acute reocclusion is due 
to thrombosis or dissection, restenosis is associated with 
smooth muscle hyperplasia,'® probably initiated by en- 
dothelial trauma, platelet accumulation and release of 
various growth factors at dilatation.!’!® No therapy 
has been consistently found to reduce restenosis. Nega- 
tive studies have included a randomized placebo-con- 
trolled trial of moderate aspirin dosage together with 
dipyridamole, which reduced acute thrombus formation 
and occlusion without reducing restenosis. Anticoagu- 
lation with coumadin, !:!? postprocedural heparin!° and, 
recently, periprocedural steroids!’ have been ineffective. 
The results of dietary supplementation with fish oils 
have been conflicting.?°-?? Low-dose aspirin, generally 
popular because of the possibility of a more beneficial 
effect on prostanoid production and relative freedom 
from adverse effects,” has not been extensively studied. 
We report a randomized, placebo-controlled trial of the 
effect of aspirin, 100 mg/day, on restenosis assessed 
angiographically after 6 months. 


METHODS 

Population screened and preliminary enrollment: 
Between February 1986 and July 1988, 1,085 subjects 
(843 men, 242 women, mean age + standard deviation 
58 + 10 years) underwent PTCA in our center for 
1,201 subtotal and 226 total obstructions in 1,265 
arteries (811 patients had 1 obstruction attempted, 216 
had 2, 49 had 3, 8 had 4, and 1 had 5). Primary suc- 
cess was defined as 220% increase in luminal diameter 
and a postdilatation lumen >50%. This was determined 
from the mean of electronic caliper measurements in 
multiple projections that adequately demonstrated the 
lesion, including projections with craniocaudal and cau- 
docranial tilt. Primary success was obtained in 1,105 of 
1,201 (92%) subtotal and 155 of 226 (69%) total ob- 
structions. Twenty-three subjects (2.1%) had postpro- 
cedural emergency coronary artery bypass graft sur- 
gery. There were 7 (0.6%) in-hospital deaths in patients 
having elective procedures and 4 in patients having 
PTCA in acute infarction. Successful dilatation of all 
lesions attempted, without complications, was obtained 
in 85% of patients. 
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From this population, 454 subjects underwent pre- 
liminary enrollment for possible inclusion in a placebo 
controlled-trial of aspirin therapy. This study was re- 
stricted to patients referred by our own staff cardiolo- 
gists, who were <70 years of age and gave informed 
consent. They were interviewed by the project coordi- 
nator before the procedure and completed a question- 
naire. Blood was obtained for fasting plasma lipids. 
Clinical details of the total group of 454 are shown, 
along with those of the subsequently randomized 
groups in Table I. 

Coronary angioplasty: Therapy with aspirin (Cardi- 
prin) and a calcium antagonist were started before the 
procedure. In patients taking 6-adrenoceptor-blocking 
drugs, the medication was continued. Generally, proce- 
dures were performed using the percutaneous right 
femoral approach, Shiley soft-tipped guiding catheters 
and ACS guidewires and balloon catheters. Patients re- 
ceived 10 to 20,000 U of heparin at catheter insertion 
and 1,000 U/hour was usually continued for 2 to 24 
hours. Neither intravenous nor intracoronary nitrates 
were routinely given. Patients were discharged on aspi- 
rin (Cardiprin), 100 mg/day, and a calcium antagonist 
but, 6-blocking drugs were continued only if indicated. 
Calcium antagonists were discontinued at the discretion 
of the referring cardiologist at the 2-week review. 

Randomization and follow-up: After PTCA, aspirin, 
100 mg/day, was given for 2 weeks. Subjects were then 
reinterviewed, and 216 who had successful PTCA of a 
previously untreated native coronary artery, outside the 
clinical setting of acute myocardial infarction, were 
randomly allocated to therapy with aspirin, 100 mg/ 
day, or matching placebo. The reasons for exclusion of 
238 patients from randomization are listed in Table II. 
Randomized subjects were requested to report prob- 
lems to the coordinator who renewed tablet supplies 
and carried out compliance checks. Adequate follow-up 
was defined as repeat angiography at 6 months (mean 
7.4 + 2.0), early restenosis or coronary artery bypass 
grafting before scheduled 6-month follow-up. There 
were no deaths but 4 of the 216 patients failed 
to complete follow-up. Therefore, follow-up was 98% 
complete. 

Trial groups: Baseline characteristics of the ade- 
quately followed aspirin-treated (108) and placebo- 
treated (104) subjects and of the total group who un- 
dertook preliminary enrollment, are listed in Table I. 
Demographic and clinical features were not significant- 
ly different. 

Compliance: Compliance was assessed by random 
tablet count and urine testing for salicylate using 
Trinder’s reagent. In 56 patients subsequently revealed 
to be in the aspirin group, urine was tested between | 
and 6 hours of stated tablet ingestion. The test was pos- 
itive in 50 of these 56 (89%), while 4 of 87 (5%) tests 


TABLE | Characteristics at Enrollment 


Age (yrs) 
Sex (men) 


Diabetes (drug Rx) 
Hypertension (drug Rx) 
Smokers (current) 

S. cholesterol (mmol/liter) 
Angina (class |—ll)t 


Total Group 
(n = 454) 


a7 B™ 
370 (81%) 
24 
167 (37%) 
81 (18%) 
5.81.1 
149 (33%) 
237 (52%) 


Aspirin 
(n = 108) 


55+8 
86 (80%) 
5 

39 (36%) 
17 (16%) 
5.9+1.2 
49 (45%) 
55 (51%) 


Placebo 
(n = 104) 


55+9 

90 (88%) 
4 

32 (31%) 
15 (14%) 
5.7 + 1.0 
35 (34%) 
56 (54%) 


Angina (class III—IV) 
Previous acute MI 
B-blocking therapy 
Calcium antagonist 
Nitrate (long-acting) 
No anginal therapy 


139 (31%) 
251 (55%) 
263 (58%) 
312 (69%) 
38 (2%) 


26 (24%) 
69 (64%) 
58 (54%) 
79 (73%) 
4 (4%) 


34 (33%) 
53 (51%) 
56 (54%) 
73 (70%) 

4 (4%) 
*Mean + standard deviation. 


+Canadian Cardiovascular Society grading of angina.2° 
MI = myocardial infarction; S. = serum. 


TABLE II Patient Status Two Weeks After Percutaneous 
Transluminal Coronary Angioplasty 


No. of Patients 


Randomized 

Not randomized 
PTCA in acute infarction 
Previous PTCA of the lesion 
PTCA of CABG only 
Unsuccessful procedure 
Taking aspirin or other NSAID 
Possible peptic ulcer 
Unwilling 
Compliance problem 
CABG to PTCA artery 
Cardiac death 


CABG = coronary artery bypass graft; NSAID = nonsteroidal antiinflammatory drug; 
PTCA = percutaneous transluminal coronary angioplasty. 





in the placebo group subjects were positive. In 29 tablet 
counts of aspirin-treated subjects, 9 + 14% of tablets 
were not taken, the placebo figure being 8 + 11% 
(n = 42). There was, then, about 10% poor compliance. 
Two patients in each group discontinued therapy: | 
each because of peptic ulceration, | in the aspirin group 
because of bleeding hemorrhoids and | in the placebo 
group because of vitreous hemorrhage. There were no 
other bleeding complications. 

Data analysis, definitions and statistics: Coronary 
angiograms were assessed by 2 independent observers 
using the technique previously described and the mean 
value was recorded. There was a 2.6 + 8.7% difference 
in the severity of stenosis measured by the 2 observers 
on 50 randomly selected lesions. 

Follow-up was conducted by a third participant and 
the randomization code was broken at completion. Sub- 
jects who had clinically indicated coronary angiography 
before 6 months and who had restenosis were consid- 
ered to have reached an end point. Those who did not 
have restenosis were restudied later for follow-up. Re- 
stenosis was defined as loss of 250% of the gain at- 
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TABLE Ill Lesion Successfully Subjected to Percutaneous 
Transluminal Coronary Angioplasty 


Placebo 
(n = 136) 


Aspirin 
(n = 168) 
LAD 
Diagonal or intermediate 
Circumflex 
Lateral marginal 
Right 
% Stenosis 
Before PTCA 
After PTCA 
Gain 


75+ 14% 
24+ 10% 23 + 10% 
51+ 16% 54 + 16% 


LAD = left anterior descending artery; PTCA = percutaneous transluminal coronary 
angioplasty. 


76+ 14% 


tained at PTCA together with stenosis of 250% of lu- 
minal diameter.!*:!3 The former alone has been used by 
some investigators!*48.9.!421 and the latter by oth- 
ers,7>+10,11,15,19,20,22 Subjects were considered to have 
restenosis when any | dilated lesion satisfied these crite- 
ria. Individual lesion recurrence was also examined in 
this way. Additionally, the loss of lumen from post- 
PTCA to follow-up angiography is reported as a con- 
tinuous variable®? and compared in the 2 groups. Dis- 
crete variables were compared using the chi-square test 
and continuous variables by Student’s ¢ test (2-tailed). 


RESULTS 

In the 108 aspirin-treated subjects, 168 lesions (154 
subtotal and 14 total) were successfully dilated (63 sub- 
jects, 1 lesion successfully dilated; 30 subjects, 2 lesions 
attempted, total of 3 unsuccessful; 11 subjects, 3 lesions 
each, total of 2 unsuccessful; 3 subjects, 4 lesions; 1 
subject, 5 lesions). In the 104 placebo-treated subjects, 
136 lesions (123 subtotal and 13 total) were successful- 
ly dilated (76 had 1 lesion dilated; 21 had 2 lesions 
attempted, total 5 unsuccessful; 5 had 3 lesions dilated; 
2 had 4 lesions dilated). Five lesions in each group were 
not successfully dilated; the patients are included be- 
cause of other successfully dilated lesions. The unsuc- 
cessfully dilated lesions are not further considered. 

Table III details the distribution of lesions and the 
results of dilatation in the 2 groups. There was a higher 
proportion of left anterior descending lesions in the pla- 
cebo group (52 vs 35%; p <0.01) and a corresponding- 
ly smaller proportion of right coronary artery lesions. 
Lesion diameter before dilatation, stenosis after dilata- 
tion and gain achieved were the same in the 2 groups. 

Table IV presents patient status at 6 months. Reste- 
nosis requiring repeat dilatation occurred in 17 aspirin- 
and 23 placebo-treated subjects, 3 and 2 of these, re- 
spectively, subsequently undergoing surgery. Five sub- 
jects underwent surgery alone (4 aspirin- and 1 place- 
bo-treated patient). The remaining 87 aspirin- and 80 
placebo-treated subjects underwent 6-month angiogra- 
phy. They were taking less therapy for angina, reported 





TABLE IV Patient Status at Six Months 


Aspirin Placebo 
(n= 108) (n= 104) 


No restenosis 70 59 



















Total restenosis 38 (35%) 45 (43%) 
Restenosis at early angiography 17 23 
CABG (without angiography or re-PTCA) 4 1 
Restenosis at planned angiography 17 21 

No early restenosis or CABG 87 80 
No therapy 38 33 
Symptomatic improvement 84 75 






Exercise duration (min) 85+29 88+2.5 
(treadmill, Bruce protocol) 
Increase in duration from 


enrollment (min) 






0,1:4.2.0. 04> 21 







CABG = coronary artery bypass graft; PTCA = percutaneous transluminal coronary 
angioplasty. 


TABLE V Lesion Restenosis 


Aspirin Placebo 
(n = 168) (n = 135) 


126 84 











No restenosis 







Total restenosis 42 (25%) 51 (38%) 
Restenosis at early 19 28 
angiography 
CABG (without angiography 5 1 
or re-PTCA) 
Restenosis at planned 18 22 









angiography 






CABG = coronary artery bypass graft; PTCA = percutaneous transluminal coronary 
angioplasty. 






symptomatic improvement, but excercised for the same 
time (treadmill exercise, Bruce protocol, commencing 
stage I) (Table IV). At angiography, restenosis was 
found in 17 and 21, respectively. In all, 38 of 108 
(35%) aspirin-treated and 45 of 104 (43%) placebo- 
treated subjects had restenosis (p = not significant). 
Myocardial infarction occurred in 3 placebo- and no 
aspirin-treated subjects. There were no deaths. 

Lesion recurrence is recorded in Table V. Restenosis 
was present in a total of 42 of 168 (25%) lesions in the 
aspirin-treated and 51 of 135 (38%) lesions in the pla- 
cebo-treated group (p <0.025). (One lesion in the pla- 
cebo group, being distal to a 100% stenosis, could not 
be assessed at angiographic follow-up and was discard- 
ed from analysis). Restenosis in all anterior descending 
lesions (54 of 129 [42%]), was greater than in the oth- 
ers (39 of 174 [22%]) (p <0.001 ). For this reason, these 
subgroups were examined. In anterior descending le- 
sions, restenosis occurred in 21 of 59 (36%) aspirin- 
treated and 33 of 70 (47%) placebo-treated lesions. In 
the others, restenosis occurred in 21 of 109 (19%) aspi- 
rin-treated and 18 of 65 (28%) placebo-treated sub- 
jects. Although the effect of aspirin in each subgroup 
was similar to the overall effect, reduction in numbers 
rendered the differences statistically insignificant. 

Using 250% stenosis as the sole criterion for reste- 
nosis, 10 more lesions were classified as having resteno- 
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sis, 7 aspirin- and 3 placebo-treated. This increases the 
overall lesion restenosis rate to 103 of 303 (34%) and 
the rates in aspirin and placebo groups to 29 and 40% 
respectively. 

Table VI documents the loss of lumen from the time 
of successful PTCA to angiographic follow-up. Percent 
loss of lumen for all successfully dilated lesions was less 
in the aspirin than in the placebo group (16 + 22 and 
22 + 25%; p <0.01). The loss was less with aspirin 
treatment in initially subtotal lesions but not in total 
lesions (Table VI). As expected, lesions requiring re- 
peat angioplasty before 6 months demonstrated similar 
luminal loss in the 2 groups. Those lesions evaluated at 


planned follow-up showed less luminal loss in the aspi- 


rin than in the placebo group. The effect of aspirin in 
left anterior descending lesions was similar to that over- 
all, whereas the effect in lesions elsewhere seemed less. 
Subgroup analysis with reduction in numbers rendered 
the difference attributable to treatment insignificant 
(Table VI). 


DISCUSSION 

Numerous definitions of restenosis have been 
used, !-15-19,22.25 to some extent, influencing the resteno- 
sis rate reported. A criterion incorporating loss of gain 
seems most relevant to an intervention study but, fur- 
thermore, it appears more valid to examine lesion lumi- 
nal reduction as a continuous variable®’? rather than to 
adhere to a rigid definition of restenosis. A small bene- 
ficial effect of low-dose aspirin on luminal reduction or 
restenosis over 6 months was found. 

At the inception of the study, the importance of 
platelet aggregation on experimentally dilated arterial 
lesions and the preventive role of antiplatelet thera- 
py!726 was appreciated. Thus, randomization was per- 
formed after 2 weeks of aspirin therapy at which time 
experimental lesions are undergoing reendothelializa- 
tion.!6 The decision to delay randomization was vindi- 
cated with the appearance of clinical reports of reduc- 
tion in acute thrombus formation or Q-wave infarction 
with periprocedural antiplatelet therapy added to hepa- 
rin.527 Randomization at 2 weeks excluded those in 
whom angioplasty was unsuccessful, who had a compli- 
cation within this time, and those unlikely to comply. 
The high rate of angiographic follow-up and patient 
compliance is attributed to these entry criteria and to 
prospective interview and regular follow-up by a single 
technical assistant. 

Antiplatelet therapy is clearly beneficial at the time 
of PTCA. Schwartz et al> reported 1.6% periproce- 
dural Q-wave infarction in subjects treated with aspirin 
and dipyridamole and 6.9% in placebo-treated subjects 
(p = 0.01). The retrospective analysis of angiographi- 
cally demonstrable thrombus conducted by Barnathan 
et al?” further supports the value of adjuvant antiplate- 


All angiographic 
follow-up 


Studied at planned 


angiography 
Studied at early 

angiography 
Subgroups 


Subtotal stenosis 


Total stenosis 


Non-LAD stenosis 


LAD stenosis 


Aspirin 


15.9 

+ 21.6 (163) 
11.5 

+ 17.6 (144) 
49.7 

+ 19.1 (19) 


14.9 

+ 21.1 (149) 
26.8 

+ 24.8 (14) 
14.1 

+ 19.8 (106) 
19.5 

+ 24.3 (57) 


TABLE VI Changes in Lesions from Postdilatation to 
Angiographic Follow-Up* 


Placebo 


22.3 

+ 24.9 (134) 
15.4 

+ 21.8 (106) 
48.3 

+ 18.1 (28) 


21.6 

+ 24.1 (121) 
28.5 

+ 32.5 (13) 
Ey if 

+ 24.6 (64) 
26.5 

+ 24.6 (70) 


p Value 





*Loss of lumen, mean + standard deviation percent. 
LAD = left anterior decending artery; NS = not significant. 


let therapy. Admittedly, angiography is a crude assess- 
ment of intraarterial thrombus (angioscopy shows that 
thrombus is often present at the site of PTCA when not 
apparent angiographically).?® In experimental animals 
platelet accumulation at arterial sites denuded of endo- 
thelium by balloon dilatation is initiated within 30 min- 
utes, proceeds actively for several hours and is reduced 
by antiplatelet therapy.!7:!8:2? Whereas smooth muscle 
hyperplasia, rather than gross thrombus formation, 
plays a major role in determining clinical restenosis, en- 
dothelial and vessel wall damage and platelet accumu- 
lation at angioplasty probably trigger this hyperplasia 
through the mediation of platelet-derived and various 
other growth factors.!°!8 These results suggest that 
there may be a continuing platelet involvement in the 
process. 

The trial of Schwartz et al> failed to find an effect 
of aspirin and dipyridamole on restenosis. Although 
there has been a retrospective analysis suggesting a re- 
duction in restenosis by aspirin 1.5 g/day,* the few oth- 
er studies have been either negative or inconclusive.!° 
Trials of other drug therapy on restenosis have also 
been negative, as recently reviewed.*° Two trials lack- 
ing placebo control suggested a beneficial effect of fish 
oil2°22 but 2 placebo-controlled double-blind studies 
were negative,?!?3 1 even suggesting a trend against 
fish oil. Considerable hope was held that periproce- 
dural steroid therapy might reduce restenosis, but the 
collaborative group has recently reported no advanta- 
geous effect.'> Ultimately, interventions directed specif- 
ically toward the various growth factors may be more 
successful. For example, a recent report indicated that 
triazolopyrimidine, a drug with activity against platelet- 
derived growth factor, reduced experimental restenosis 
in the atherosclerotic rabbit.?! 

In isolation, the clinical benefit of the effect of low- 
dose aspirin on restenosis might be questioned. There is, 
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however, no doubt of the considerable benefit of anti- 
platelet therapy at the time of PTCA. Furthermore, 
cardiovascular morbidity and mortality are reduced by 
low-dose aspirin after coronary events,** and continuing 
therapy seems indicated in patients after PTCA. 
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In-Hospital Costs Associated with New 
Percutaneous Coronary Devices 


Ronald J. Dick, MBBS, Jeffrey J. Popma, MD, David W.M. Muller, MBBS, 
Karen A. Burek, RN, and Eric J. Topol, MD 


To determine the relative economic impact of al- 


ternative methods of coronary revascularization, 
in-hospital patient accounts were reviewed in 
149 patients undergoing elective coronary angi- 
oplasty (n = 50), coronary atherectomy (n = 72) 
or intracoronary stent placement (n = 27) over 
an 18-month period. Clinical and angiographic 
features were similar in the 3 groups, except 
that prior restenosis was seen more often in pa- 
tients undergoing intracoronary stent placement. 
Procedural success, obtained in >90% of pa- 
tients, was independent of the treatment strate- 
gy. Total in-hospital stay was significantly long- 
er in patients undergoing intracoronary stent 
placement than in patients undergoing coronary 
angioplasty and directional atherectomy (4.9 + 
2.4 days vs 1.5 + 1.3 and 2.2 + 3.9 days, re- 
spectively; p <0.0001). Furthermore, the total 
in-hospital charges were significantly higher in 
patients undergoing intracoronary stent place- 
ment ($12,574 + $4,564 vs $6,220 + $5,716; 
p <0.001) and directional atherectomy ($8,329 
+ $8,588 vs $6,220 + $5,716; p <0.01) than in 
patients undergoing coronary angioplasty, re- 
flecting overall differences in room costs, labora- 
tory fees and pharmacy fees. The longer in-hos- 
pital stay in the intracoronary stent group was 
primarily attributed to the time required for anti- 
coagulation with coumadin. It is concluded that a 
102 and 34% increase in early hospital charges 
resulted with stenting or directional atherec- 
tomy, respectively, compared with coronary an- 
gioplasty. These increased in-hospital charges 
were chiefly due to the prolonged hospitalization 
time, device cost, laboratory fees and, in patients 
with intracoronary stents, the prolonged time 
needed to achieve systemic anticoagulation. 

(Am J Cardiol 1991;68:879-885) 
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tions have been noted after coronary angioplasty. 
First, despite pretreatment with antiplatelet 
agents and heparin, abrupt vessel closure develops in 4 
to 7% of cases within 24 hours of the procedure.*3 Sec- 
ond, delayed restenosis, often requiring a repeat revas- 
cularization procedure, develops in 30 to 40% of pa- 
tients within the subsequent 3 to 6 months.4 As a 
result of these shortcomings, alternative mechanical 
techniques such as intracoronary stenting,°~’ atherec- 
tomy,®? and laser angioplasty! have been advocated. 
Whereas initial investigation using these new devices 
has focused on defining safety and clinical efficacy, lit- 
tle attention has been focused on the economic impact 
of these iew technologies. Prior retrospective series 
have suggested that coronary angioplasty may be less 
costly than bypass surgery,'!~!> but no previous study 
has compared the incremental costs of the use of alter- 
native mechanical devices with standard coronary angi- 
oplasty. Therefore, we analyzed in-hospital charges 
from 149 patients undergoing coronary angioplasty, 
coronary atherectomy or intracoronary stenting proce- 
dures. 


S ince its introduction in 1977,! 2 major limita- 


METHODS 

Patient population: From January 1, 1989, to June 
30, 1990, 1,014 coronary interventions (coronary angio- 
plasty, 858; directional coronary atherectomy, 116; in- 
tracoronary stent, 40) were performed at the University 
of Michigan Medical Center. For the purposes of this 
analysis, only patients with New York Heart Associa- 
tion class II to III angina undergoing elective coronary 
revascularization, admitted specifically for the proce- 
dure, were selected for the study. To avoid potential 
bias or imbalance of acuity of illness, patients with 
acute myocardial infarction, cardiogenic shock or un- 
stable angina were excluded from the analysis. Patients 
were not excluded with multivessel disease, abnormal 
left ventricular function, or complex lesion morphology 
according to American College of Cardiology /Ameri- 
can Heart Association guidelines.'© An intention-to- 
treat principle was adapted with inclusion of patient 
data irrespective of the success of the revascularization 
procedure. 

CORONARY ANGIOPLASTY: Random selection of 50 pa- 
tients undergoing coronary angioplasty was performed 
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by reviewing every twelfth case record of the 858 angio- 
plasty cases attempted during the study period. Unless 
contraindicated, all patients were pretreated with aspi- 
rin. After administration of a 10,000-unit bolus of hep- 
arin, coronary angioplasty was performed using stan- 
dard methods.!:* Additional heparin was administered 
hourly and, in the presence of thrombus or dissection, a 
heparin infusion was continued for an additional 12 to 
24 hours, maintaining the partial thromboplastin time 
1.5 to 2.5 times control. Patients who developed hemo- 
dynamic instability or prolonged myocardial ischemia 
were admitted to an intensive care unit; patients with- 
out complications were admitted to a specialized care 
unit for observation. Generally, 8Fr sheaths were used 
for coronary angioplasty and 8 hours of bedrest were 
prescribed after sheath removal. 

DIRECTIONAL CORONARY ATHERECTOMY: Of the 112 
patients undergoing coronary atherectomy using the 
Simpson AtheroCath™ (Devices for Vascular Inter- 
vention, Redwood City, California) during the study 
period, 40 were excluded because of unstable symptoms 
requiring hospitalization before atherectomy (n = 37) 
or because audited accounts were unavailable for re- 
view (n = 3). The remaining 72 patients were included 
in the analysis. After premedication as for patients un- 
dergoing coronary angioplasty, coronary atherectomy 
was performed using an 11Fr sheath by the method 
previously described.!’ After atherectomy, in the ab- 
sence of ischemic complications or coronary dissection, 
patients were admitted to a specialized care unit for 
observation. In general, 11 hours of bedrest were pre- 
scribed after sheath removal. 

INTRACORONARY STENT PLACEMENT: Of the 40 pa- 
tients undergoing stent implantation during the study 
period, 13 were excluded owing to unstable symptoms 
requiring hospitalization at the time of intracoronary 
stent placement (n = 11) or because audited accounts 
were unavailable for review (n = 2). The 27 remaining 
patients composed the study group. In addition to aspi- 
rin and a calcium antagonist, all patients undergoing 
intracoronary stent placement were pretreated with di- 
pyridamole and intravenous dextran beginning 4 hours 
before the procedure. After predilation using standard 
angioplasty methods, intracoronary stent placement 
(Palmaz-Schatz Stent, Johnson and Johnson Interven- 
tional Systems, Warren, New Jersey) was performed 
using previously described methods.*-'* After stent im- 
plantation, patients continued to receive intravenous 
heparin until adequate oral anticoagulation could be 
obtained with coumadin (prothrombin time 1.5 times 
control). A 9 to 11Fr sheath was used for stent place- 
ment and was removed within 12 hours after intracoro- 
nary stent placement. In the absence of bleeding at the 


periaccess site, 9 to 11 hours bedrest after sheath re- 
moval were recommended. 

Procedural success and in-hospital complications: 
Procedural success was defined as a final diameter ste- 
nosis <50% and the absence of in-hospital ischemic 
complications, including coronary bypass surgery, myo- 
cardial infarction or abrupt closure. Significant bleed- 
ing complications were defined by a decrease in the he- 
matocrit to <25% or those requiring a blood transfu- 
sion. Hematomas were defined as a >4 cm X 4 cm 
collection of subcutaneous collection of blood at the 
periaccess site. 

Analysis of procedural charges: After patient dis- 
charge, the audited in-hospital accounts of the 149 pa- 
tients used in this analysis were reviewed; only patient 
expenditures directly related to the procedure per- 
formed were included. During the study period of 1989 
to 1990, the cost/charge ratio for all services at the 
University of Michigan Medical Center was 0.76. 

CARDIAC CATHETERIZATION CHARGES: Procedure dura- 
tion (in hours) was used to estimate personnel and 
equipment allocation for each of the 3 methods of 
revascularization and a time-adjusted catheteriza- 
tion room charge was determined. Additional charges 
within the cardiac catheterization laboratory included 
charges for intravascular sheaths, guiding catheters and 
balloon dilatation catheters. Under the investigational 
protocols operational during the study period, expendi- 
tures for intracoronary stents and atherectomy devices 
were not applied to individual patient accounts, but 
were borne directly by the hospital. To estimate the 
total procedural costs, the hospital charges by the inves- 
tigational device manufacturer were added individually 
to the cardiac catheterization charges. During the study 
period, per patient hospital charges were $1,095 for 
the atherectomy equipment (atherectomy device, $850; 
guiding catheter, $130; motor drive unit, $90; hemo- 
static valve, $25) and $1,000 for each intracoronary 
stent. Professional fees for any procedure and charg- 
es for out-patient services were not included in the 
analysis. 

PHARMACY CHARGES: During the hospitalization peri- 
od, pharmacy charges covering intravenous fluids and 
medications including aspirin, a calcium antagonist and 
analgesics were tabulated for all patients. In patients 
with intracoronary stents, the charge for oral coumadin 
and dextran were also added. 

LABORATORY CHARGES: Routine plasma chemistries 
and hematologic profiles were obtained in all patients 
before and after the procedure. Coagulation profiles in- 
cluding a thrombin clotting time and heparin units 
were obtained in patients who continued to receive in- 
travenous heparin after the procedure and in patients 
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TABLE I Clinical and Angiographic Features Before 
Revascularization 


Directional 
Atherectomy 
(n = 72) 


58+ 11 
56 (78) 


Coronary 
Angioplasty 
(n = 50) 


60 + 12 
33 (66) 


Intracoronary 
Stenting 
Feature (n = 27) 
Age (years) 
Gender (% men) 


Coronary risk factors 
Cigarette smoking (%) 
Systemic hypertension 

(%) 
Diabetes mellitus (%) 
Hypercholesterolemia 


o, 


58+11 
89 (24) 


26 (52) 
20 (40) 


31 (43) 
30 (42) 


15 (56) 
7 (26) 


5 (10) 
24 (48) 


10 (14) 
44 (61) 


5 (18) 
16 (59) 


Family history (%) 
Prior cardiac history 
Previous infarction (%) 
Coronary bypass (%) 
Prior coronary angio- 
plasty (%) 
Time from angioplasty 


23 (46) 46 (64) 17 (63) 


17 (34) 
11 (22) 
12 (24) 


27 (38) 
13 (18) 
22 (31) 


17 (63)* 


6.5+46 7.5+9.0 


(mos) 
Multivessel disease (%) 20 (40) 


Target artery 
Left anterior descending 
(%) 
Right coronary (%) 
Left circumflex (%) 
Saphenous vein graft 
(%) 
Left main (%) 
Medication 
Nitroglycerin (%) 
Calcium antagonists 
(%) 
B blockers (%) 14 (28) 13 (18) 
Aspirin (%) 50 (100) 67 (93) 


*p <0.05 for intracoronary stent versus angioplasty/atherectomy. 

tp <0.05 for atherectomy versus angioplasty/intracoronary stent. Systemic hyper- 
tension defined by a diastolic blood pressure > 105 mm Hg; hypercholesterolemia 
defined by a total serum cholesterol > 240 mg/dl. 


28 (39) 13 (48) 


17 (34) 4 (6)t 7 (25) 

14 (28) 

17 (34) 
2 (4) 


19 (26) 
7 (10) 
3 (4) 


10 (39) 
6 (21) 
3 (11) 

O (0) 


1 (1) 1 (4) 


26 (52) 
32 (64) 


35 (49) 
54 (75) 


13 (50) 
9 (68) 


12 (43) 
25 (93) 


undergoing intracoronary stent placement, until thera- 
peutic oral anticoagulation was achieved. Remaining 
laboratory tests and any indication for blood transfu- 
sion was left to the discretion of the individual physi- 
cians caring for the patients. 

ROOM CHARGES: In general, patients were admitted to 
a specialized care unit with continuous cardiac monitor- 
ing after the procedure. Daily hospital charges for this 
classification of hospital bed were $606 to $656/day. 
Patients with prolonged myocardial ischemia, hemody- 
namic compromise or other cardiac complications 
admitted to the intensive care unit were charged 
$1,545 /day. 

INCIDENTAL CHARGES: All patients also received 
accounts for incidental charges. These charges includ- 
ed the charge for telemetry, respiratory care therapy 
equipment, extra lines required for intravenous therapy 
and use of infusion pumps. 

Ambulatory status during hospitalization: To deter- 
mine the relative patient dependency during hospital- 
ization, medical records were reviewed to determine 
ambulatory status of patients during hospitalization. 
The following classification was used: (1) bedrest- 
sheath in place — time from completion of the proce- 





TABLE Il Procedural Success and In-Hospital Complication 
Rate 


Coronary Directional Intracoronary 
Angioplasty Atherectomy Stenting 
(n = 50) (n = 72) (n = 27) 


Procedural outcome 
Primary success (%) 
Primary failures (%) 
Urgent CABG (%) 

In-hospital complications 
Subacute closure (%) 
Recath-chest pain (%) 
Femoral artery 

Bleed (%) 

Hematoma (%) 

Vascular repair 
CNS complication (%) 


46 (92) 
3 (6) 
1 (2) 


66 (92) 
5 (7) 
1 (1) 


2 (93) 
25 (7) 
0 (0) 


1 (2) 
0 (0) 


O (0) 
O (0) 


1 (4) 
5 (19) 


O (0) 
1 (2) 


O (0) 
6 (8) 
0 (0) 1 (1) 2 (7) 
O (0) 1 (1) O (0) 


*p < 0.05 compared with coronary angioplasty and directional atherectomy. 
CABG = coronary artery bypass grafting; CNS = central nervous system event; 
Recath = repeat cardiac catheterization. 


4 (15)* 
3 (11)* 


dure until the sheath removal; (2) bedrest-sheaths re- 
moved — period after the sheath removal until ambu- 
lation, and including any time required because of 
hematomas or femoral artery bleeding; and (3) ambu- 
latory — time from ambulation until discharge, includ- 
ing the period of oral anticoagulation in patients under- 
going intracoronary stent placement. 

Statistical analysis: Continuous variables are ex- 
pressed as mean + | standard deviation. Differences 
between continuous variables were analyzed using anal- 
ysis of variance for multiple comparisons and differ- 
ences in frequencies were analyzed using chi-square 
analysis. Nonparametric analysis was applied when ap- 
propriate. Differences at p <0.05 were considered sig- 
nificant. 


RESULTS 

Clinical characteristics, procedural outcome and in- 
hospital complications: Clinical findings in patients un- 
dergoing coronary revascularization are listed in Table 
I. Procedural success obtained in >90% of procedures 
did not vary significantly by treatment strategy (Table 
II). Repeat angiography for recurrent chest pain in pa- 
tients undergoing intracoronary stent placement was 
performed for chest discomfort and any suggestive elec- 
trocardiographic changes of ischemia. In the 5 patients 
undergoing repeat coronary arteriography for recurrent 
chest pain in this group, abrupt closure was demon- 
strated in only 1. Femoral artery rebleeding and hema- 
toma formation were more frequent in patients under- 
going intracoronary stent placement, although hema- 
toma formation was not significantly different from pa- 
tients undergoing directional atherectomy. Notably, 
patients undergoing intracoronary stent placement had 
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significantly longer periods of bedrest-sheaths in place, 
bedrest-sheaths removed, and in-hospital ambulatory 
status than patients undergoing coronary angioplasty or 
directional atherectomy (Figure 1). 

in-hospital charge analysis: Although the in-hospi- 
tal stay was similar for patients undergoing coronary 
angioplasty and directional atherectomy, significantly 
longer hospital stays were required in patients undergo- 
ing intracoronary stent placement (Table III). This 
longer in-hospital period was associated with higher 
room charges, laboratory and pharmacy fees, and total 
hospital charges in the intracoronary stent group. Thus, 
the total in-hospital charges for intracoronary stent 
placement was slightly more than double that of stan- 
dard coronary angioplasty and >30% greater than di- 


rectional atherectomy (p <0.001) (Figure 2). Direc- 
tional coronary atherectomy was also associated with 
34% higher hospital charges than coronary angioplasty. 


DISCUSSION 

Because of limitations of coronary angioplasty, in- 
cluding abrupt vessel closure? and late restenosis,* al- 
ternative methods of coronary revascularization have 
been investigated.°-!° Despite encouraging angiograph- 
ic and clinical results using these alternative tech- 
niques,!? little attention has been focused on the poten- 
tial economic cost of their more widespread application. 
To define the relative resource allocation required by 
coronary angioplasty and 2 of these alternative meth- 
ods, directional atherectomy and intracoronary stent- 


TABLE Il Duration of Hospitalization and Itemized In-Hospital Charges 


Coronary 
Angioplasty 
(n = 50) 


Hospital duration (days) La r3 
In-hospital charges ($) 
Cath laboratory charge 4,044 + 974 
Device cost Included 
Pharmacy charges 158 + 231 
Laboratory charges 290 + 470 
Room charges 964 + 1,019 
Miscellaneous 763 + 3,730 
Total charges ($) 6,220 + 5,716 
% Increase over coronary — 
angioplasty 


Directional 
Atherectomy 
(n = 72) 


22:33 


3,406 + 1,289 

1,260 + 386 
313 + 787 
582 + 1,144* 

1,703 + 2,961 

1,066 + 4,032 

8,329 + 8,588* 

+34 


Intracoronary 
Stenting 
(n = 27) 


4.9 + 2.4*t 


5,518 + 1,546*t 
1,150 + 362 
454 + 287*t 
989 + 805*t 
3,376 + 2,308*t 
1,087 + 887 
12,574 + 4,564*t 
+103 


*p <0.01 compared with coronary angioplasty; tp <0.01 compared with directional atherectomy. 
Cath = catheterization. 


Ambulatory 


Bedrest 
Sheaths Out 


Bedrest 
Sheaths In 


Coronary Directional Stenting 


Angioplasty Atherectomy 





FIGURE 1. Ambulation status of patients undergoing nonsurgical coronary revascularization. Patients undergoing intracoronary 
stenting had significantly longer in-hospital stays, primarily reflected by longer periods of bedrest with sheaths out and ambula- 
tion before hospital discharge than coronary angioplasty or directional atherectomy. 
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ing, the present study was performed by reviewing the 
in-hospital accounts of 149 patients undergoing elective 
revascularization using one of these techniques. Com- 
pared with patients undergoing coronary angioplasty, 
in-hospital charges were 102% higher in patients under- 
going intracoronary stent placement and 34% higher in 
patients undergoing directional atherectomy. Signifi- 
cantly longer hospitalization periods required in pa- 
tients undergoing stent placement accounted for most 
of the increased in-hospital charges. 

Prior studies estimating the economic costs of coro- 
nary angioplasty have, in general, reviewed audited in- 
hospital and 1-year total charges.'?-!> However, the use 
of hospital charges as a substitute for true economic 
costs may have important limitations.2? In-hospital 
charges are often discounted by third-party payers, so 
that reimbursement may actually be less than the aver- 







Hospital Days 
No. of 


Study Vessels Pts. PTCA CABG 










Jang (1984)11 


Reeder (1984)!2 Single 168 9.4 13.1 
Kelly (1985)13 Single 112 5+4 10+4 
Black (1988)14 Multi- 200 5 13 
Barbash (1986)15 Multi- 52 6+5 as 
Hlatky (1990)2! Single 389 7+4 14+6 
Present study Multi- 50 2+1 — 






*Includes only elective coronary angioplasty. 


TABLE IV Prior Trials Comparing Coronary Angioplasty and Coronary Bypass Surgery 





CABG = coronary artery bypass grafting; multi- = multivessel; PTCA = coronary angioplasty; ratio = ratio of in-hospital charges of coronary bypass surgery/coronary angioplasty. 


age true economic cost of a service.! To compensate 
for losses in one area, hospitals may “‘cost-shift,” charg- 
ing more than the true economic cost for other services 
that are more substantially reimbursed by third-party 
payers.?0 

Hlatky et al?! used standard cost-accounting meth- 
ods to relate direct costs plus allocated hospital over- 
head, an index of true economic cost, to hospital charg- 
es. In the 389 patients evaluated, direct costs plus allo- 
cated hospital overhead were 0.78 of hospital charges, 
not dissimilar from the estimated cost-charge ratio of 
0.76 in the present study. Provided that hospital charg- 
es for each service would be discounted by the same 
cost/charge ratio — an assumption that may be inac- 
curate in the event of “cost-shifting” — the results of 
the present study would suggest that intracoronary 
stent placement may require more than twice the im- 


In-Hospital Charges ($) 
Follow-Up 
Period 


PTCA CABG 





5,313 + 2,159 15,580 + 2,159 In-hospital 
11,384 13,387 1.2 1 year 
7,689 13,559 1.8 l year 
9,138 22,771 ann 1 year 
8,500 + 4,700 — x in-hospital 
9,556. .+:5;251 19,644 + 9,157 2.0 In-hospital 
6,220 + 5,176 -— % In-hospital 





Stenting 


—— — Directional Atherectomy 


Average 
Hospital 
Charges/Day 


($ x 10°) 


Coronary Angioplasty 


Hospital Stay (In Days) 





FIGURE 2. Average in-hospital cumulative daily charges for patients undergoing nonsurgical revascularization. Patients under- 
going intracoronary stenting had significantly higher in-hospital charges throughout the hospital period. 
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mediate in-hospital economic resources as standard cor- 
onary angioplasty; directional coronary atherectomy 
may require nearly 40% more resources than coronary 
angioplasty. 

Several factors influenced in-hospital charges for the 
3 treatment strategies. The postprocedural in-hospital 
stay for patients undergoing balloon angioplasty (2 + | 
days) was substantially shorter than the in-hospital stay 
reported in prior studies (range 5 to 14 days) (Table 
IV). Furthermore, accounting for 1989 dollars, the in- 
hospital charges for balloon angioplasty were also lower 
in the present report, reflecting the elective nature of 
the study population, the same day admission policy for 
coronary angioplasty, and more rapid hospital dis- 
charge with uncomplicated patients. As a result, the 
comparatively high in-hospital charges with directional 
atherectomy and intracoronary stent may simply reflect 
the evolution of lower in-hospital charges associated 
with coronary angioplasty. In fact, the 5-day hospital 
stay for patients with an intracoronary stent in the pres- 
ent study is not substantially different from the length 
of stay with historic cohorts of coronary angioplasty 
(Table IV). Vascular complications occurred more of- 
ten in patients undergoing stent placement and direc- 
tional atherectomy than in patients undergoing coro- 
nary angioplasty, often prolonging the hospitalization 
period. Whereas increased operator experience and 
modification in equipment design may reduce the noted 
vascular complication rate, the requirement for system- 
ic anticoagulation in patients undergoing stent place- 
ment necessitates longer periods of in-hospital observa- 
tion. Potentially, the development of nonthrombogenic 
stents will permit shorter periods of in-hospital observa- 
tion in the future. 

Admittedly, the present study examines only the im- 
mediate in-hospital charges associated with coronary 
angioplasty, directional atherectomy and intracoronary 
stenting. Estimation of the overall economic cost of 
these procedures would require inclusion of the subse- 
quent “‘induced-costs” associated with late restenosis.?? 
In a previous study examining the economic costs asso- 
ciated with coronary angioplasty, restenosis was associ- 
ated with $10,641 of additional hospitalization charges, 
although the number of patients treated with coronary 
bypass surgery for restenosis was high.!? Despite multi- 
ple pharmacologic approaches aimed at its prevention, 
restenosis still develops in up to 40% of patients within 
the 3 to 6 months after coronary angioplasty.* Al- 
though it is hoped that restenosis will be lower using 
directional atherectomy and intracoronary stenting, it 
has been reported in patients undergoing these proce- 
dures.!7:!8 A definitive reduction in restenosis and asso- 
ciated induced-costs using these techniques will require 
randomized trials. 


Several previous studies have compared hospital 
charges associated with coronary angioplasty and coro- 
nary bypass surgery (Table IV), convincingly demon- 
strating the potential economic savings of coronary an- 
gioplasty in patients with single!!-!? and multivessel cor- 
onary artery disease.!4!>2! Whereas the duration of 
follow-up has varied in these different studies, the ratio 
of hospital charges associated with coronary bypass sur- 
gery to coronary angioplasty has ranged from 1.2 to 
2.9. Notably, many patients undergoing intracoronary 
stent placement in the present study had unsuccessful 
coronary angioplasty 1 or more times. Before introduc- 
tion of the intracoronary stent, these patients would 
have been candidates for coronary bypass surgery 
alone, and compared with surgical patients from these 
historic controls, the in-hospital days and hospital 
charges associated with intracoronary stent placement 
are still quite favorable. 

The present study has several important limitations. 
First, these comparative data are derived from a non- 
randomized study with new device use in a relatively 
early stage of development. Modifications in equipment 
design and operator technique may result in future re- 
ductions of in-hospital charges for these alternative de- 
vices. Second, as previously noted, the present study in- 
cludes only immediate in-hospital charges, and does not 
include either charges associated with late restenosis, 
charges associated with the increased surveillance asso- 
ciated with intracoronary stents such as coagulation 
profile monitoring required during 2 to 3 months of 
anticoagulation, or the social impact of these devices on 
patient lifestyle and back-to-work status. Therefore, the 
long-term economic benefits of these devices may not 
be fully realized. Finally, the technique of coronary an- 
gioplasty is in constant evolution. Whereas patient se- 
lection criteria have broadened, hospitalization days 
have shortened and in-hospital charges have been low- 
er. Similarly, the major source of increased in-hospital 
charges in patients undergoing intracoronary stent 
placement in the present study was a prolonged in-hos- 
pital stay, partially attributed to an increased bleeding 
complication rate and requirement for systemic anti- 
coagulation associated with intracoronary stenting. Ear- 
lier sheath removal and alternative anticoagulatior 
schemes, such as an adjusted subcutaneous dose of hep- 
arin? and bedside coagulation monitoring, and the 
development of nonthrombogenic intracoronary stent: 
may substantially reduce the required hospitalizatior 
time in future studies. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 
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Ventricular Premature Complexes and 
Ventricular Tachycardia Detected by 24-Hour 
Continuous Electrocardiographic Recording in 
the Cardiac Arrhythmia Suppression Trial 
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Lars Wilhelmsen, MD, David M. Salerno, MD, and the CAST Investigators* 





The prevalence, characteristics and significance 
of ventricular arrhythmias detected by ambulato- 
ry electrocardiography were evaluated in 1,498 
patients who were randomized to encainide, fle- 
cainide or placebo in the Cardiac Arrhythmia 
Suppression Trial. The mean ventricular prema- 
ture complex (VPC) frequency at baseline was 
133 + 257 VPCs/hour. Nonsustained ventricular 
tachycardia (VT) (rate >120 beats/min) was 
present in 22% of patients. Accelerated idioven- 
tricular rhythm (rate <120 beats/min) occurred 
in 22% of subjects. There were 63 deaths/re- 
suscitated cardiac arrests in the active treatment 
(encainide/flecainide) group and 26 in the place- 
bo group. In the treatment group mortality in- 
creased with increasing VPC frequency, 
(p = 0.006), whereas in the placebo group such a 
relation was not present. Mortality /resuscitated 
cardiac arrest increased in patients with >2 VT 
episodes than in those with <1 episode in the ac- 
tive treatment group (p = 0.04). There was no 
significant association between VT and mortali- 
ty/resuscitated cardiac arrest in the placebo 
group. The presence of accelerated idioventricu- 
lar rhythm was not associated with increased 
mortality /resuscitated cardiac arrest in either 
the active treatment or placebo groups. How- 
ever, mortality was lower in patients with accel- 
erated idioventricular rhythm rates <100 beats/ 
min than in those with rates >100 beats/min 
(p = 0.05). 

Thus, in the Cardiac Arrhythmia Suppression 
Trial the previously described association be- 
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tween mortality/resuscitated cardiac arrest and 
ventricular arrhythmias (VPC and VT) were only 
observed in the active treatment group. In addi- 
tion, based on the results obtained in this highly 
selected population, it is suggested that the defi- 
nition of accelerated idioventricular rhythm 
should be a rate <100 beats/min, and at a rate 
2100 beats/min it should be categorized as VT. 
(Am J Cardiol 1991;68:887-896) 


uring the first year after an acute myocardial 
D infarction, there is an increased risk of death 
from cardiac causes, both sudden and nonsud- 
den.!-5 Ventricular arrhythmias detected on Holter 
monitoring are associated with an independent risk for 
death from cardiac causes.6-? The Cardiac Arrhythmia 
Suppression Trial (CAST), a multicenter, randomized, 
placebo-controlled study, was designed to test the hy- 
pothesis that suppression of asymptomatic ventricular 
dysrhythmias after myocardial infarction would reduce 
the rate of cardiac death related to arrhythmias. !0 
Using data from the CAST, we undertook a study 
of ventricular arrhythmias detected during baseline am- 
bulatory electrocardiographic recordings with the fol- 
lowing aims: (1) to examine the mean frequency and 
frequency distribution of ventricular premature com- 
plexes (VPCs); (2) to examine the characteristics of 
ventricular tachycardia (VT); (3) to examine the char- 
acteristics of accelerated idioventricular rhythm; and 
(4) to examine if a correlation exists between VPC fre- 
quency, VT and accelerated idioventricular rhythm 
characteristics at baseline Holter and outcome (total 
mortality /resuscitated cardiac arrest). We analyzed the 
placebo and active treatment groups separately because 
of the significant effect of the active drug treatment on 
mortality. 


METHODS 
Patient population: Twenty-seven centers in Cana- 
da, Sweden and the USA participated in this study. 
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TABLE I| Frequency Distribution of Ventricular Premature 
Complexes and Mortality/Resuscitated Cardiac Arrest 
Associated with Ventricular Arrhythmias 












Total Mortality/ 
Cardiac Arrest (%) 





No. of Pts. (%) Active Placebo 






















VPCs/hour* 


<10 227 (15.0) 3.6 1.7 
> 10—50 594 (40.0) 6.5 4.7 
> 50-100 249 (16.5) 12.2 2.5 
> 100-200 177 (12.0) 13.3 4.6 
> 200 249 (16.5) 9.4 2.5 
VT runs/24-hour Holtert 
0 1172 (78.5) 7.7 3.4 
l 169 (11.5) Tia 2.3 
2-5 90 (6.0) 14.6 7.1 
>5 64 (4.0) 13.2 3.8 
AIVR rate (beats/min)4 
<100 148 (46.0) 6.8 2.7 
100-119 175 (54.0) 10.3 5.7 


*Data missing in 2 patients with VPC. 
tData missing in 3 patients with VT. 
Data missing in 6 patients with AIVR. 
AIVR = accelerated idioventricular rhythm; VPCs = ventricular premature com- 
plexes; VT = ventricular tachycardia. 


The entry criteria to the CAST included: (1) 26 
VPCs/hour, (2) age <80 years, and (3) impaired left 
ventricular function (left ventricular ejection fraction 
<0.55 for myocardial infarction <90 days and ejection 
fraction <0.40 for infarcts 90 days to 2 years). Criteria 
for adequate suppression included >80% suppression of 
VPCs and a 290% suppression of runs of VT. Patients 
who met the entry criteria and achieved adequate sup- 
pression during the open-label titration entered the 
main CAST study. Patients with symptomatic ventric- 
ular arrhythmias or VT of 215 beats’ duration at a 
rate =120 beats/min were excluded. 

Analysis of Holter recordings: An ambulatory elec- 
trocardiographic recording (Holter) with a minimum of 
18 hours of analyzable data was obtained an average of 
97 + 155 days (mean + standard deviation) after 
admission for the index myocardial infarction. The 
Holters were analyzed by computer with manual over- 
read at each participating center. As part of ongoing 
quality control procedures, Holter technicians were re- 
quired to read gold standard tapes provided by the 
quality control subcommittee. The percent discrepancy 
for VPCs/hour was calculated as the absolute value of 
the formula: 


Tape reading — “Gold standard” 
“Gold standard” 


The average percent discrepancy from all sites read- 
ing gold standard tapes (n = 1,012 tapes) was 7.7%. 
Intracenter quality control was assessed by having the 
chief Holter technician at each center over-read tapes 
analyzed by other technicians. The average percent dis- 
crepancy of VPCs/hour was 10.5% (n = 399). In addi- 


x 100% 


tion, 197 tapes read by the chief technicians at the par- 
ticipating centers were selected at random by the data 
coordinating center for a second computer analysis per- 
formed by an external center (Cardiodata Inc., New 
Jersey). The overall inter-center average discrepancy of 
VPCs/hour was 12.7% (n = 296). 

For VT and accelerated idioventricular rhythm 
reading, the computed percent discrepancy first men- 
tioned is less meaningful since a large percentage of the 
tapes do not have these arrhythmias. The quality con- 
trol measures are expressed instead in terms of the 
false-positive and false-negative rates. 

The false-positive rate for VT on the gold standard 
tapes (n = 967) was 4%, for the intercenter tapes 
(n = 42), 4%. The corresponding figures for false-posi- 
tive rates for accelerated idioventricular rhythm were 
7% (n = 737 tapes) and 5% (n = 325 tapes), respec- 
tively. 

The false-negative rates for VT on the gold standard 
tapes (n = 104) was 29% and for intercenter tapes 
(n = 241), 27%. The corresponding false-negative rates 
for accelerated idioventricular rhythm were 51% (n = 
334 tapes) and 43% (n = 35 tapes), respectively. 

Follow up: The groups were stratified according to 
clinical center, left ventricular ejection fraction (= or 
<0.30) and time between qualifying Holter recording 
and myocardial infarction (= or <90 days). After ran- 
domization, follow-up visits were scheduled at 4-month 
intervals. At every visit, data were collected on secon- 
dary end points such as new or worsened congestive 
heart failure, sustained VT, recurrent myocardial in- 
farction, various cardiac procedures and quality of life. 
The primary CAST end point is death from arrhyth- 
mia or resuscitated cardiac arrest.!° 

Definitions: VT was defined as 23 consecutive 
VPCs at a rate 2120 beats/min. Accelerated idioven- 
tricular rhythm was defined as 23 consecutive VPCs at 
a rate <120 beats/min. The end point used for analysis 
in this report is total mortality and resuscitated cardiac 
arrest. 

Statistical methods: Continuous data are presented 
as mean + standard deviation. Two-way contingency 
tables were analyzed with the standard chi-square test. 
The survival curves are shown using the Kaplan-Meier 
method!! and the curves were compared by the log- 
rank test. The exposure time began at the time of ran- 
domization to blinded therapy and patients who were 
still alive on April 19, 1989, had censored exposure 
time. The association between mortality /resuscitated 
cardiac arrest and VPC frequency is analyzed using the 
Cox regression. The log VPC scale is used to reduce 
skewness. The relative risk of treatment in defined sub- 
groups was calculated to evaluate the consistency of the 
drugs’ effects across subgroups. Confidence intervals 
for relative risk were computed using the method de- 
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TABLE Hl Frequency Distribution of Ventricular Tachycardia 
Characteristics 


Total Mortality/ 
Cardiac Arrest (%) 
Placebo 


No. of Pts. (%) Active 


VT length (beats) 
3-5 
6-9 
10-14 


Total 

VT rate (beats/min)* 
120-149 
150-199 
>200 


Total 


238 (73.0) 
62 (19.0) 
26 (8.0) 


326 (100) 


188 (60.0) 
112 (35.5) 
14 (4.5) 


314 (100) 11.1 


*Twelve patients had missing or values out of range, or both. 
VT = ventricular tachycardia. 


scribed by Fleiss.'* Nominal p values <0.05 are report- 
ed but we caution their interpretation because of the 
multiple comparison problem. Discrepancies observed 
between the total number of patients in the study and 
the number of cases reported in individual tables are 
due to missing information or the exclusion of out of 
range values, or both. 


RESULTS 

Prevalence and characteristics of ventricular pre- 
mature complexes: By definition, all patients entered in 
the CAST study had 26 VPCs/hour on the baseline 
(qualifying) Holter. The mean VPC frequency for the 
1,498 patients entering the main study was 133 + 257 
VPCs/hour (range 6 to 2,328). The frequency distribu- 
tion for VPCs is listed in Table I. Almost half (45%) of 
all patients had >50 VPCs/hour. 

Prevalence and characteristics of nonsustained 
ventricular tachycardia: Of the 1,498 patients, 326 
(22%) had >1 runs of VT. Mean number of VT runs 
per Holter in this subgroup was 9.02 + 30 (range 1 to 
321). The frequency distribution of VT runs is listed in 
Table I. Most patients with VT had <5 runs of VT on 
their Holter. Mean VT length of the longest episode 
was 4.8 + 2.4 beats (range 3 to 14, which is the allow- 
able range in the study protocol). The frequency distri- 
bution of VT length is listed in Table II. Most VTs 
(73%) were <5 beats in duration. Mean rate of the 
longest VT episode was 148 + 24 beats/min (range 
120 to 281). The frequency distribution of VT rate is 
listed in Table II. Most VTs (96%) had rates <200 
beats /min. 

Prevalence and characteristics of accelerated idio- 
ventricular rhythm: Of the 1,498 patients, 330 (22%) 
had =1 runs of accelerated idioventricular rhythm on 
the Holter recording. Mean number of accelerated idio- 
ventricular rhythm episodes per Holter was 10.3 + 31 
(range | to 389). The frequency distribution of acceler- 





TABLE Ill Frequency Distribution of Accelerated 
Idioventricular Rhythm Characteristics 


AIVR runs/24-hour Holter* 


0 1,168 (78.0) 
1 143 (9.5) 
2-5 105 (7.0) 
>5 79 (5.5) 
Total 1,495 (100) 
AIVR length (beats)* 
3-5 259 (79.0) 
6-9 44 (13.5) 
10-15 14 (4.5) 
>15 10 (3.0) 
Total 327 (100) 


*Three patients had missing values. 


AIVR = accelerated idioventricular rhythm. 


TABLE IV Mode of Deaths for Both Groups 


Active Placebo 


Number of patients 

Mean exposure time (days) 
Arrhythmic death/cardiac arrest 
Other cardiac death 

Noncardiac death 


Total 





ated idioventricular rhythm runs is listed in Table III. 
More than half (56%) of patients with accelerated idio- 
ventricular rhythm had >2 runs on their Holter. 

Mean accelerated idioventricular rhythm length was 
4.9 + 4.8 beats (range 3 to 61 beats). The frequen- 
cy distribution of accelerated idioventricular rhythm 
length of the longest run is listed in Table III. Most 
(79%) accelerated idioventricular rhythms had length 
between 3 and 5 beats. Fifty-four percent of the pa- 
tients with accelerated idioventricular rhythm had rates 
between 100 and 119 beats/min. 

Ventricular arrhythmias and mortality: Of the 
1,498 patients, 755 were assigned to active therapy (en- 
cainide/flecainide) and 743 to placebo. The average ex- 
posure time for patients treated with active drugs was 
290 and 300 days for the placebo group. Total deaths, 
including arrhythmic death, resuscitated cardiac ar- 
rests, and other cardiac and noncardiac deaths for the 
active and placebo groups, are listed in Table IV. The 
mortality rate for the active treatment group exceeded 
that of the placebo group. The relative risk of mortality 
for the active and placebo groups was 2.4 (95% confi- 
dence interval 1.5 to 4.1) and remained constant for the 
subgroups analyzed. The association between ventricu- 
lar arrhythmias and mortality /resuscitated cardiac ar- 
rests was analyzed separately for the placebo and active 
treatment groups, given the significant effect of ac- 
tive treatment on the mortality observed in this study. 

The mortality /resuscitated cardiac arrest rate relat- 
ed to VPC frequency for the active treatment and pla- 
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cebo groups is shown in Figure 1. In the active treat- 
ment group there was a significant association between 
mortality and log VPC frequency (p = 0.006), ana- 
lyzed as a continuous variable. The mortality rate ap- 
peared to increase with increasing VPC frequency and 
reached a plateau around 100 to 200 VPCs/hour. (Fig- 
ure 1, top) There was no significant association be- 
tween mortality/resuscitated cardiac arrest and VPC 
frequency in the placebo-treated group (Figure 1, bot- 
tom). 

The presence of VT was associated with higher 
mortality in the active treatment group, but this differ- 
ence (7.7 vs 10.7%) was not significant. Figure 2 shows 
the association between mortality/resuscitated cardiac 
arrest for patients taking an active drug having < and 
>1 VT episodes. The mortality for patients having >1 
VT episode when compared with those with no VT or 
only 1 VT episode on a 24-hour Holter was significant- 
ly increased (7.5 vs 13.8%; p = 0.04) (Table I). The 
presence of VT was not associated with a significantly 
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higher mortality /resuscitated cardiac arrest in the pla- 
cebo-treated group (3.4 vs 3.8%) (Table 1). The effect 
of VT length and VT rate on mortality /resuscitated 
cardiac arrest is shown in Table II. There was no sig- 
nificant association between VT length or rate and 
mortality /resuscitated cardiac arrest. We also exam- 
ined the mortality/resuscitated cardiac arrest associ- 
ated with accelerated idioventricular rhythm. Of the 
330 patients with accelerated idioventricular rhythm, 
136 (42%) also had VT on their Holter recording. 
There is a strong association between the presence of 
VT and accelerated idioventricular rhythm (odds ratio 
3.5:1) (p = <0.001). To determine whether the pres- 
ence of accelerated idioventricular rhythm had a signif- 
icant contribution to mortality /resuscitated cardiac ar- 
rest, we compared the outcome of patients with acceler- 
ated idioventricular rhythm only (193 patients) to those 
with VPCs only (979 patients) in the placebo and ac- 
tive treatment groups. There was no difference in mor- 
tality /resuscitated cardiac arrest between patients with 


FIGURE 1. Frequency of ventricular 
premature complexes and mortali- 
ty/cardiac arrest. Upper panel, per- 
cent mortality/cardiac arrest in ac- 


ing VPC frequency (p <0.006). 
Lower panel, percent mortality /car- 
diac arrest in placebo group accord- 
ing to VPC frequency. NS = not sig- 
nificant. 
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VPC only and those with VPC plus accelerated idio- 
ventricular rhythm in the active-treated (7.9 vs 6.5%) 
or placebo-treated (3.3% vs 4.0%) groups. When the 
relation between individual characteristics of acceler- 
ated idioventricular rhythm and mortality /resuscitated 
cardiac arrest was examined, no statistically significant 
relation was found between mortality /resuscitated car- 
diac arrest and the number of accelerated idioventricu- 
lar rhythm runs or the length of the runs. However, a 
decreased mortality was found in the accelerated idio- 
ventricular rhythm group with rate <100 than in those 


Percent Survival 


50 
Months 0 
N Survival 
668 100 


FIGURE 2. Frequency of the number of 
ventricular tachycardia (VT) runs and 
mortality /cardiac arrest. Survival curve 
according to VT frequency. Upper panel, 
survival in the active treatment group was 
greater in patients with <1 run of nonsus- 
tained VT (p <0.05). Lower panel, surviv- 
al in the placebo group did not differ 
based on VT frequency. 
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with rates 100 to 119 (p = 0.05) (Figure 3). This dif- 
ference in mortality /resuscitated cardiac arrest between 
accelerated idioventricular rhythm < and =100 to 
<120 showed similar trends when the active treatment 
and placebo groups were analyzed separately (Ta- 
ble I). 


DISCUSSION 

This study examines the prevalence, characteristics 
and significance of ventricular arrhythmias detected on 
baseline 24-hour Holter monitoring in the CAST for 


P=0.0400 Log Rank Stat = 4.000 
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patients randomized to active treatment (encainide/fle- 
cainide) and placebo. In the CAST, patients were pre- 
selected for having ventricular arrhythmias (VPC rate 
>6/hour) at entry, associated with impaired left ven- 
tricular function. In this report, we included only pa- 
tients whose ventricular arrhythmias were suppressible 
by encainide /flecainide and subsequently were assigned 
to active treatment or placebo. These study population 
characteristics contrast with the previous reports on 
ventricular arrhythmias in postinfarction patients.!~? 
The previous studies included patients with and without 
ventricular arrhythmias and the patients were not pre- 
selected for the suppressibility of their ventricular ar- 
rhythmias. The treatment effect in most previous stud- 
ies was not analyzed but treatment varied among pa- 
tients. 

Ventricular premature complexes, characteristics 
and associated mortality: Kotler et al,!? in 1973, exam- 
ined the effect of VPC frequency on mortality in 160 
male survivors of acute myocardial infarction using 12- 
hour Holter recording. The incidence of sudden death 
was 2.9% in patients with VPC frequency of <10/hour 
compared with 19.2% in those with VPC 210/hour. 
Moss et al!4 found a significant association during 
the initial 4 months of follow-up between cardiac mor- 
tality and VPC frequency (3.2% for patients with <20 
VPCs/hour and 15% for those with >30/hour) in post- 
infarction patients using 6-hour Holter recordings. Ru- 
berman et al, using 1-hour Holter recording in 1,739 
men who had had myocardial infarction, also noted 
that the 3-year sudden death mortality in patients with 
frequent (=10/hour) and complex VPCs was signifi- 
cantly higher than in those with complex but less 
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frequent (<10/hour) VPCs (6.42 vs 18.7%, sudden 
death). Bigger et al® evaluated 766 postmyocardial in- 
farction patients with 24-hour Holter monitoring and 
also showed a correlation between the 2-year mortality 
and VPC frequency. The CAST study showed a simi- 
lar statistically significant association between VPC fre- 
quency and mortality /resuscitated cardiac arrest in the 
group receiving active treatment. In the placebo-treat- 
ed group an association between VPC frequency and 
mortality was not observed (Table I and Figure 1). 
However, the number of events in the placebo group 
was quite small. 

Ventricular tachycardia, characteristics and associ- 
ated mortality: There is much less information avail- 
able on the prevalence, characteristics and significance 
of ventricular runs (=3 consecutive VPCs). The largest 
study, reported by Bigger et al,? included 90 patients 
(11%) with ventricular runs from a total of 867 partici- 
pants in the Multicenter Post-Infarction Program. The 
3-year cumulative mortality rate was 23% for patients 
with and 15% for patients without VT. VT had a 
strong and statistically significant association with all- 
cause mortality and arrhythmic mortality independent 
of other risk variables associated with VT. There were 
no statistically significant associations between individ- 
ual VT characteristics and mortality. The CAST study 
defined VT as =3 consecutive VPCs at an average rate 
of 2120 beats/min. Ventricular runs at a rate <120 
beats/min were defined as accelerated idioventricular 
rhythm. The CAST included 326 patients with VT and 
329 patients with accelerated idioventricular rhythm. It 
is the largest number of patients reported with nonsus- 
tained VT and the first study to report on the preva- 


FIGURE 3. Rate of accelerated idioventri- 
cular rhythm (AIVR) and mortality /cardiac 
arrest. In patients with AIVR rates 2100 
beats/min, survival rates decreased com- 
pared with patients with AIVR rates <100 
beats/min (p = 0.05). 
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lence, characteristics and significance of accelerated 
idioventricular rhythm in the postmyocardial infarction 
population. The prevalence of VT in the CAST study 
was 22%, which is higher than the prevalence previ- 
ously reported in other studies (1 to 17%).2914-17 
Our study demonstrated a higher mortality /resuscitat- 
ed cardiac arrest in the presence of nonsustained VT in 
the actively treated patients — 7.7% for patients with- 
out and 10.7% for patients with VT — although this 
difference was not statistically significant. However, pa- 
tients with VT runs of 22 had a higher mortality /re- 
suscitated cardiac arrest than those with a single run of 
VT or no VT (p = 0.04) (Figure 2, top). There was no 
significant association between VT and mortality /re- 
suscitated cardiac arrest in the placebo-treated group 
(Figure 2, bottom). There were no statistically signifi- 
cant associations between VT length and rate and mor- 
tality /resuscitated cardiac arrest. 

No previous study in postmyocardial infarction pa- 
tients evaluated the association of accelerated idioven- 
tricular rhythm with mortality. Half of the patients 
with accelerated idioventricular rhythm had rates from 
100 to 119 beats/min. Of the 330 patients with acceler- 
ated idioventricular rhythm, 137 (42%) also had VT. 
The overall mortality /resuscitated cardiac arrest of pa- 
tients with accelerated idioventricular rhythm in the ac- 
tive- and placebo-treated groups was not significantly 
different from patients who had only VPCs on their 24- 
hour Holter recording. This finding confirms a previ- 
ously held impression that accelerated idioventricular 
rhythm does not confer a worse prognosis. The CAST 
finding also suggests that the definition of accelerated 
idioventricular rhythm should include rates up to 100 
beats/min only because the mortality /resuscitated car- 
diac arrest associated with accelerated idioventricular 
rhythm of rates 100 to 119 beats/min was higher than 
those with rates <100 (Figure 3 and Table I). 

Study limitations: The data described in this study 
are primarily a descriptive analysis of the characteris- 
tics of ventricular arrhythmias in the main CAST. Pa- 
tients were preselected by having frequent ventricular 
arrhythmias at entry associated with impaired left ven- 
tricular function. Also, all patients included in the study 
had ventricular arrhythmias that were suppressible by 
the antiarrhythmic drugs used in the trial. Therefore, 
much of the information obtained derives from a very 
selective group of post-myocardial infarction patients. 
The conclusions obtained may not be applicable to the 
post-myocardial infarction population at large. Other 
technical or design-related limitations include the fact 
that Holter recordings were obtained at varying inter- 
vals after acute myocardial infarction. The quality con- 
trol data for evaluating the accuracy of ventricular ar- 
rhythmia quantitation meets the expected standards for 
VPC counting. However, the false-negative rates for 


VT and accelerated idioventricular rhythm detection 
are high. Previously published studies did not specifical- 
ly address the difficulties related to VT and accelerated 
idioventricular rhythm quantitation. The CAST is the 
first study to point out this potential problem. The 
false-positive rates for detection of VT and accelerated 
idioventricular rhythm were acceptably low; therefore, 
the differences regarding VT and accelerated idioven- 
tricular rhythm are probably more significant than de- 
scribed in this study. 

The small number of end-point events in the placebo 
group limits the statistical power of the associations. 
This may account for the lack of demonstrable relation- 
ships between ventricular arrhythmias and mortality / 
resuscitated cardiac arrests in the placebo-treated pa- 
tients. 
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Clinical and Electrophysiologic Characteristics of 
Exercise-Related Idiopathic 
Ventricular Tachycardia 


Lluis Mont, MD, Tamer Seixas, MD, Pedro Brugada, MD, Josep Brugada, MD, 
Frank Simonis, MD, Luz M. Rodriguez, MD, Joep L. R. M. Smeets, MD, 
and Hein J. J. Wellens, MD 


In 37 (70%) of 53 patients with idiopathic ven- 


tricular tachycardia (VT), episodes were mainly 
related to exercise (group 1). These patients 
were younger (33 + 14 vs 44 + 18 years, 
p = 0.015) and more often had dizziness during 
VT (71 vs 40%, p = 0.003) than the 16 patients 
in whom VT was not exercise-related (group 2). 
Patients in group 1 needed cardioversion less of- 
ten to terminate the arrhythmia (4 (11%) vs 6 
(40%), group 2 [p = 0.04]). VT was initiated 
during exercise testing in 62% of patients in 
group 1 but in only 1 patient in group 2 
(p = 0.0004). Induction of clinical VT during pro- 
grammed stimulation was observed in a similar 
percentage in group 1 (49%) and group 2 (50%) 
patients. Isoproterenol infusion facilitated the in- 
duction of VT in 9 of 20 (45%) group 1 and in 2 
of 8 (25%) group 2 patients (p = not significant). 
After a mean follow-up of 2.9 + 2.5 years, 8 
(22%) group 1 patients and 5 (31%) group 2 
had at least 1 episode of symptomatic VT. Only 
1 patient died suddenly. Class Ili drugs were the 
most useful in preventing recurrences. Beta- 
blocking agents were of little value in both 
groups. Patients with VT and a structurally nor- 
mal heart have a good prognosis despite recur- 
rences of their arrhythmia. The relation of the 
arrhythmia to exercise has no prognostic impli- 
cations. 

(Am J Cardiol 1991;68:897-900) 
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during or in relation to exercise has been suggested 

to be a catecholamine-sensitive arrhythmia.!~* It 
has also been suggested that such an arrhythmia cannot 
easily be reproduced during programmed stimulation 
unless isoproterenol infusion is given>-’ and may re- 
spond to §-blocking agents.%568-10 To our knowledge, 
no attempts have been made to compare the clinical 
and electrophysiologic characteristics of patients having 
exercise-related idiopathic VT with patients having VT 
not related to exercise. 


I diopathic ventricular tachycardia (VT) appearing 


METHODS 

Patients: Since 1977, 60 patients with VT and no 
recognizable structural heart disease were referred to 
our institution. Seven of them were excluded from this 
study because of incomplete data. Of the remaining 53, 
37 (70%) had episodes of VT mainly related to exercise 
(group 1), whereas in the other 16 (30%) no relation of 
VT with exercise could be found (group 2). VT was 
considered sustained when it lasted >30 seconds or 
caused cardiovascular collapse. 

A complete clinical history, physical examination, 
12-lead electrocardiogram during (51 patients) and af- 
ter VT (all patients), laboratory data and chest x-ray 
were available for analysis. No patient had a history of 
myocardial infarction or inflammatory myocardial 
disease. Echocardiograms were recorded and cardiac 
catheterization including left ventricular and coronary 
angiography were performed in 51 patients. All of 
them had normal coronary arteries or nonsignificant le- 
sions. The 2 patients in whom cardiac catheterization 
was not available had a normal echocardiogram. One 
patient had a slightly enlarged heart and another 
had diminished left ventricular ejection fraction (44%). 
Both hearts were normal in size and function after en- 
docardial resection, suggesting that those abnormalities 
were secondary to the incessant nature of their VT. 
Forty-nine patients underwent a symptom-limited exer- 
cise test on a treadmill using the Bruce protocol. 

Electrophysiologic study: Programmed electrical 
stimulation was performed in all patients with 1 to 3 
bipolar or quadripolar electrode catheters introduced 
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TABLE I Clinical Characteristics of the Patients Described 


p Value 










Patients 37 (70%) 16 (30%) 

Age (yr) 33 +14 44+18 0.015 
Sex (men) 21 (57%) 11 (69%) NS 
Athletes 10 (27%) 0 0.01 
Palpitations 31 (84%) 13 (81%) NS 
Dizziness 25 (71%) 6 (40%) 0.035 
Syncope 10 (29%) 7 (46%) NS 
Cardiac arrest 1 (3%) 1 (6%) NS 
Cardioversion 4 (11%) 6 (40%) 0.04 
Sustained VT 19 (51%) 11 (68%) 

NSM VT 14 (38%) 2 (12%) 

NSP VT 4 (11%) 3 (19%) NS 
LBBB pattern 22/51 (43%) 6/51 (12%) 

RBBB pattern 9/51 (18%) 7/51 (14%) NS 

CL of VT (ms) 326 + 67 361+ 41 0.08 
QRS width of VT 158 + 20 133 + 33 0.05 






CL = cycle length; LBBB = left bundle branch block; NS = not significant; NSM = 
nonsustained monomorphic; NSP = nonsustained polymorphic; RBBB = right bundle 
branch block; VT = ventricular tachycardia. 


percutaneously through the femoral vein. Four patients 
were taking amiodarone, | sotalol, 1 propranolol and 1 
was receiving procainamide at the time of study. In all 
other patients antiarrhythmic drug therapy was discon- 
tinued at least 5 half-lives before the investigation. The 
studies were performed in the postabsorptive, nonsedat- 
ed state after obtaining informed consent. 

Intracavitary electrograms were simultaneously re- 
corded with a minimum of 5 extracardiac leads (I, II, 
III, Vi, Ve) at a paper speed of 100 mm/s. Filters of 
30 to 500 Hz were used for the intracavitary bipolar 
electrograms. The programmed electrical stimulation 
protocol has been described elsewhere.'! The VT was 
considered inducible if 26 beats of VT with the same 
QRS morphology and axis as the clinical one were pro- 
voked. 

Statistical analysis: Data are expressed as mean + 
| standard deviation. Statistical calculation for ordinal 








TABLE II Findings During Echocardiography, Cardiac 
Catheterization, Exercise Testing and 24-Hour 
Electrocardiography 


Non—Exercise- 
Related 


1/16 (6%) NS 


Exercise- 


Related p Value 


Segmental hypokinesiaon 2/35 (6%) 
echocardiogram 

Left ventricular dilatation 

Mitral valve prolapse 

Segmental hypokinesia on 
angiogram 

Inducible VT by ET 

> 30 VPCs/hour 

Polymorphic VPCs 

VT in 24-hour recording 


1/35(2%) O NS 
7/35 (20%) 2/16 (12%) NS 
2/36(5%) 0/15 (0%) NS 


21/34 (62%) 1/15 (7%) 0.0004 

23/30 (77%) 8/11 (77%) NS 
4/30 (13%) 2/11 (18%) NS 

17/30 (56%) 6/11 (54%) NS 


ET = exercise testing; VPCs = ventricular premature complexes; other abbreviations 
as in Table I. 


data was performed with a nonpaired Student’s ź test. 
Nominal data were analyzed with Fisher’s exact test. 
Kaplan-Meier methods were used to display time-relat- 
ed arrhythmia-free periods for the 2 groups. The proba- 
bility of a true difference in outcome was determined 
by the Wilcoxon test. Differences between samples 
were considered statistically significant at p <0.05. 


RESULTS 

Clinical findings (Table I): Thirty-seven of the 53 pa- 
tients included in the study (70%) described a clear re- 
lation of their episodes of VT and exercise. Patients 
with exercise-related episodes (group 1) were younger. 
Ten group | patients were trained athletes, whereas no 
athletes were present in the non-exercise-related VT 
patients (group 2). The patients in group | had dizzi- 
ness more often during VT. No differences were pres- 
ent in the frequency of syncope. Cardioversion to treat 
VT was more often needed in group 2, but no signifi- 
cant differences were seen in the incidence of sustained 
versus nonsustained VT between the 2 groups. VT 


FIGURE 1. Induction of ventricular tachy- 
cardia during the exercise test. 
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tended to be faster in group | than in group 2 patients. 
The QRS complex during VT was wider in the first 
group. 

Diagnostic tests (Table Il): A minor degree of mitral 
valve prolapse without regurgitation was seen in the 
echocardiogram of 7 patients in group | and in 2 pa- 
tients in group 2. All but | patient had normal coro- 
nary arteries. This patient had a 40% stenosis in the 
mid-left anterior descending artery and had episodes of 
nonsustained polymorphic VT. The patient did not 
have angina and no ischemia could be detected on exer- 
cise thallium scintigraphy. VT was more often initiated 
during exercise testing in group | (Figure 1). No differ- 
ences were observed between the 2 groups in the num- 
ber of ventricular premature complexes, the presence of 
multiform ventricular premature complexes or the inci- 
dence of episodes of nonsustained VT during a 24-hour 
electrocardiographic recording. 


Electrophysiologic study (Table Ili): Clinical VT 


was reproduced by programmed ventricular stimulation 


TABLE Ill Electrophysiologic Study 


Non—Exercise- 
Related 


Exercise- 
Related 


3/30 (10%) 
18/37 (49%) 
9/37 (24%) 
9/20 (15%) 


p Value 


3/15(20%) NS 
8/16 (50%) NS 
6/16(37%) NS 
0/8 (25%) 0.02 


VT inducible by AS 

VT inducible by VS 

Spontaneous VT 

VT inducible by VS after 
isoproterenol 

Spontaneous VT after 
isoproterenol 

VT during study 

VT terminated by VS 

CL of VT (ms) 

QRS width (ms) 


3/20 (45%) 2/8 (25%) NS 


26/37 (70%) 
8/13 (61%) 

303 + 64 

161 + 23 


13/16(81%) NS 
5/7 (71%) NS 

395 + 29 

133:+°7 


AS = atrial stimulation; VS = ventricular stimulation; VT during study = clinical VT 
observed during the electrophysiologic study spontaneously, after isoproterenol infu- 
sion or after stimulation; other abbreviations as in Table |. 
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FIGURE 3. Antiarrhythmic drugs used in 
the treatment of these patients before and 20 
after admission. Ex = exercise-related 
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alone in approximately 50% of patients in both groups. 
Isoproterenol infusion facilitated the induction of the 
clinically documented VT more often in group | pa- 
tients. VT was faster during the electrophysiologic 
study in group | and showed a wider QRS complex. 

Follow-up: One patient in group 2 died after 2 years 
of successful treatment with sotalol. Another patient in 
group | died of cancer. Kaplan-Meier time-related 
curves did not show any significant difference in the 
probability of recurrences between the 2 groups (Figure 
2). 

Antiarrhythmic therapy: A mean of 2.7 + 2 differ- 
ent drugs or combinations of drugs were used per pa- 
tient, including those prescribed to the patient before 
being referred to our center. The drugs and combina- 
tions used and their effectiveness are summarized in 
Figure 3. Beta-blocking agents alone failed 75% of the 
time in group | and 86% of the time in group 2 pa- 
tients. 
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FIGURE 2. Kaplan-Meier curves displaying the time-related 
arrhythmia-free period after discharge for the 2 groups. 
NS = not significant. 
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DISCUSSION 

The appearance of an arrhythmia during exercise 
has been considered a marker of a sensitivity to cate- 
cholamines!“!° and 8-blocking agents are suggested to 
be the first drug of choice.%56:8-10 Although many pa- 
tients with idiopathic exercise-related VT have been de- 
scribed!-10.12-20 no reports have been published com- 
paring the characteristics of exercise versus non—exer- 
cise-related VT in a group of consecutive nonselected 
patients with idiopathic VT. 

A finding in our population is that most patients 
with idiopathic VT described episodes related to exer- 
cise (70% ). This finding is based on the clinical history 
of our patients and requires caution, since some patients 
may have misinterpreted their symptoms during exer- 
cise. 

Patients with exercise-related symptoms were youn- 
ger, and all trained athletes with idiopathic VT were in 
the exercise-related group. Spontaneously occurring VT 
tended to be faster and the QRS complex wider in the 
exercise-related group. 

VT was reproduced during exercise testing in 62% 
of patients in group 1; this reproducibility is similar to 
the one described by us in a previous smaller series’ and 
also in agreement with findings by other investigators. !? 

The inducibility of exercise-related VT by pro- 
grammed ventricular stimulation is variable in the dif- 
ferent series (from 0 to 40%).>-’ In our study, 
the inducibility by programmed stimulation alone was 
around 50% in both groups. In the exercise-related 
group, we observed an easier VT induction by iso- 
proterenol infusion. Also during the electrophysiologic 
study, as during the spontaneous VT, electrically in- 
duced VT was faster and the QRS complex wider in 
the exercise-related group. 

The follow-up data confirm the good long-term 
prognosis of these patients, although 1 patient with a 
non-exercise-related VT died suddenly after 2 years of 
apparently successful therapy. No autopsy was per- 
formed in this patient, and the exact cause of death 
therefore remains unknown. 

A mean of 2.7 + 2 drugs were given to every pa- 
tient. We analyzed the antiarrhythmic therapy in these 
patients including the drugs that patients received be- 
fore being referred to our center. All except class III 
drugs were ineffective in about 80%. The important ob- 
servation is that 6-blocking agents were also noneffec- 
tive 75% of the time that they were given to patients 
with exercise-related VTs. Oral verapamil was ineffec- 
tive in 4 of 4 patients in whom it was given. These 
findings are in contrast to suggestions by several investi- 
gators that 6 blockers2568-10 or verapamil!’:!? are ef- 
fective in patients with catecholamine-sensitive idio- 


pathic VT. Nevertheless, the retrospective nature of the 
study does not allow us to analyze whether 6 blockers 
reduced the number of episodes of VT despite not com- 
pletely preventing recurrences. It is possible that 8 
blockers are partially effective but fail to prevent VT 
when a high adrenergic tone is present. 

Patients with idiopathic exercise-related VT had 
several distinctive clinical and electrocardiographic 
characteristics, but no differences were observed in 
their response to antiarrhythmic drugs and in the long- 
term prognosis. 
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Periodicity of Global Ventricular Activation of 
Sinus Beats in Patients with Coronary Artery 
Disease and Sustained Ventricular Tachycardia 


Nancy A. Branyas, MD, Dennis M. Cassidy, MD, and Michael E. Cain, MD 


Despite increasing clinical reliance on signal-av- 


eraged electrocardiograms for determining risk 
for development of sustained ventricular tachy- 
cardia (VT), the periodicity of global ventricular 
activation during sinus rhythm has not been de- 
fined. Accordingly, epicardial and transmural 
ventricular electrograms during 6 consecutive si- 
nus beats were evaluated in 10 patients with ab- 
normal signal-averaged electrocardiograms who 
were undergoing surgery for VT. Bipolar electro- 
grams were recorded with sock and needle elec- 
trodes from up to 96 epicardial and 156 trans- 
mural sites. Electrogram morphology, duration 
and activation were compared on a beat-to-beat 
basis. In all, 9,816 electrograms were analyzed. 
Mean durations of epicardial and transmural 
electrograms were 33 + 16 ms (range 6 to 199) 
and 23 + 10 ms (range 6 to 72), respectively, 
with a beat-to-beat variation of 1.9 + 1.4 ms per 
site. Similarly, local activation times did not vary 
significantly during the 6 cardiac cycles analyzed 
(mean variation 1.7 + 2.0 ms). Local conduction 
failure was not observed. Although electrograms 
during the terminal 40 ms of the QRS were sig- 
nificantly longer (36 + 20 vs 26 + 12 ms, p 
<0.001) when compared with those recorded 
earlier during the QRS complex, beat-to-beat 
variation in duration (2.1 + 1.6 ms) and activa- 
tion (1.7 + 2.3 ms) was not significant. Results 
demonstrate that epicardial and transmural elec- 
trograms recorded during sinus rhythm in pa- 
tients with sustained VT are periodic signals and 
thus establish a physiologic basis for signal aver- 
aging of electrocardiographic waveforms in 
these patients. 

(Am J Cardiol 1991;68:901-908) 
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electrocardiograms obtained from patients with 

remote myocardial infarction and subsequent 
sustained ventricular tachycardia (VT) have demon- 
strated altered time and frequency components in the 
terminal QRS complex or ST segment, or both.!~? In 
these studies, ensemble averaging has been used most 
often to improve the signal-to-noise ratio. The ensemble 
signal-averaging technique requires that the cardiac 
electrograms of interest be repetitive.!°-'* Despite the 
increasing reliance on analysis of signal-averaged elec- 
trocardiograms to stratify risk of sudden cardiac death 
in patients convalescing from myocardial infarction,!3 
the periodicity of global ventricular activation during 
sinus rhythm has not been determined. The aim of this 
study was to determine the periodicity of epicardial and 
transmural ventricular activation of sinus beats in pa- 
tients with remote myocardial infarction and sustained 
VT. A second objective was to determine the extent to 
which the reproducibility of electrogram durations and 
local activation times is dependent on their temporal 
occurrence during the cardiac cycle and their intramu- 
ral or epicardial origin. 


T emporal and spectral analysis of signal-averaged 


METHODS 

Patients: This study was approved by the Human 
Studies Committee at Washington University. Ten 
consecutive patients with a healed, transmural myo- 
cardial infarction and medically refractory sustained 
monomorphic VT referred for clinically indicated intra- 
operative mapping and arrhythmia surgery were stud- 
ied after they gave informed consent. Ventricular func- 
tion, locus of infarction, and the presence of a left ven- 
tricular aneurysm were determined in each patient by 
cardiac catheterization. All patients had an abnormal 
signal-averaged electrocardiogram based on methods of 
analysis previously published in detail.!4!5 At surgery, 
each patient underwent 3-dimensional ventricular map- 
ping during sinus rhythm and induced VT, left ventric- 
ular aneurysmectomy and subendocardial resection. No 
patient was receiving treatment with antiarrhythmic 
medications at the time the signal-averaged electrocar- 
diograms were obtained or during intraoperative map- 
ping. Pertinent clinical characteristics of the patients 
studied are summarized in Table I. 
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TABLE |I Characteristics of Patients 


QRS 
Duration 
(ms) 


122(IVCD) 
124(IVCD) 
185(RBBB) 
90 
130(IVCD) 
158(LBBB) 
128(IVCD) 
100 
120(LBBB) 
150(LBBB) 
Ant. = anterior; Inf. = inferior; IVCD = intraventricular conduction delay; LBBB = 


left bundle branch block; LVEF = left ventricular ejection fraction; MI = myocardial 
infarction; RBBB = right bundle branch block; + = present; O = absent. 


LVEF 


Site Ventricular 
Aneurysm 


of MI 


t+++4+ 04+ 44+ +4 


=" 
OWOON OA OAfPWNHrH 


+ 


Three-dimensional intraoperative mapping: Ven- 
tricular mapping was performed in each patient by the 
use of methods previously published in detail.!6 Three- 
dimensional mapping is a safe and reliable method for 
characterizing ventricular activation and has contrib- 
uted to improving the favorable outcome of VT sur- 


gery.!7 





After cannulation of the great vessels and institution 
of normothermic cardiopulmonary bypass, the heart 
was emptied and a nylon mesh sock with up to 96 bipo- 
lar button electrodes was positioned over the ventricles. 
The heart was then filled with blood to ensure good 
electrode contact. Button electrodes had an interpole 
spacing of 1.5 mm and were positioned evenly over the 
right (48 electrodes) and left (48 electrodes) ventricles. 
The heart was warmed to 37°C and data were collect- 
ed during sinus rhythm and during sustained VT. 

The sock was then removed. Depending on the size 
and location of the infarction, up to 39 plunge needles, 
each with 4 bipolar electrodes, detecting signals from 
156 sites simultaneously were positioned in a grid-like 
pattern around the region of interest, as defined by the 
preoperative catheter map and the epicardial map, as 
well as at selected right ventricular sites. In patients 
who had had infarction of the interventricular septum, 
the right atrium was opened and the needle electrodes 
were inserted through the interventricular septum to fa- 
cilitate accurate assessment of septal activation. Com- 
prehensive analysis of transmural ventricular activation 
during sinus rhythm and VT were accomplished with- 


TRANSMURAL ELECTROGRAMS - SINUS RHYTHM 


FIGURE 1. Top, surface 





aphic leads I, aVF and V;R recorded during sinus rhythm along with operator-selected 


electrocardiogr 
time window used to identify 2 of the 6 sinus beats analyzed. Bottom, electrode channels 105 to 108 depict endocardial-to-epi- 
cardial activation from a single plunge needle. Channels 109 to 112 are from a second plunge needle. Numbers on far left of 
each recording refer to a peak-to-peak amplitude scale (in millivolts) after autoranging of the individual electrograms. 
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out the need to open the left ventricle. Plunge needle 
electrodes were fabricated from 50 um of Teflon®-insu- 
lated tungsten wire and contained in a 21-gauge stain- 
less steel needle. Four bipolar pairs were used, with 
each component of a pair separated by 0.5 mm and a 
separation between pairs of 2.5 mm. A 3-mm collar 
was anchored to the shaft of the needle 1.0 mm proxi- 
mal to the most epicardial electrode to ensure uniform 
subepicardial depth. 

A high-resolution video camera system and recorder 
were installed over the operating table to record the 
placement of all electrodes. Still-frame photographs 
from the video record were used to draw maps to scale 
on a coordinate system. 

Data processing and electrographic analysis: Ven- 
tricular electrograms were processed and analyzed by 
use of a computer-assisted mapping system.!*!8 The 
data acquisition system was developed to process up to 
156 bipolar electrograms simultaneously from human 
myocardium at the time of operation. Data were sam- 
pled at 2,000 Hz with 12-bit precision providing resolu- 
tions of 4.8 uV and 0.5 ms. 

Data analysis for the purpose of this study was per- 
formed off-line in several automated steps with a mi- 
croVAX (Digital Equipment Corporation) computer 


equipped with high-resolution graphic capabilities. The 
electrocardiogram was scanned and a time window that 
encompassed 6 consecutive sinus beats was selected. 
Each electrogram was autocalibrated and displayed. A 
mean of 172 + 50 ventricular sites were mapped in 
each patient. Electrogram duration, local activation 
time and morphology were compared at each electrode 
site during the 6 sinus beats analyzed from each pa- 
tient. In all, 9,816 electrograms were analyzed. 

For each electrogram, computer cursors were used 
to mark electrogram onset, local activation and electro- 
gram offset. The local activation time was defined with 
the use of a peak criterion.!?° Electrogram onset was 
defined as the first major deflection to leave the base- 
line and electrogram offset as the point at which the 
last deflection returned to baseline. Electrogram dura- 
tion was measured from electrogram onset to electro- 
gram offset. Local activation was referenced to both the 
earliest ventricular electrogram recorded and to the on- 
set of the QRS complex in the electrocardiogram. Lo- 
cal conduction failure was defined as total or partial 
electrogram dropout during any of the 6 consecutive 
cycles analyzed. All data were reviewed by 2 indepen- 
dent observers. In addition, 3-dimensional isochronal 
maps of ventricular activation were constructed during 


EPICARDIAL ELECTROGRAMS 
SINUS RHYTHM 





FIGURE 2. Reproducibility of electrogram onset, local activation time, electrogram offset, and morphology of epicardial electro- 


grams recorded during 6 consecutive sinus beats. 


PERIODICITY OF VENTRICULAR ACTIVATION DURING SINUS RHYTHM 903 


2 consecutive sinus beats from each patient to facilitate 
detection of beat-to-beat variability of global ventricu- 
lar activation. 

Statistical analysis: Categorical variables are re- 
ported as mean + standard deviation and were 
compared by chi-square analysis and linear regression 
analysis. A significant difference was considered at p 
<0.05. 


RESULTS 
Analysis of epicardial and transmural electrograms 
during 6 consecutive sinus beats demonstrated that 





FIGURE 3. Three-dimensional isochronal maps of global ven- 
tricular activation during 2 of the 6 consecutive sinus beats 
analyzed along with the V;R electrocardiogram recorded from 
a patient with an extensive inferoposterior myocardial infarc- 
tion. The ventricles are represented by 5 short-axis slices 
from the base to the apex. The anterior surface and left ante- 
rior descending coronary artery are at the lower margin of 
each slice. The right ventricle is at the left of each slice. A col- 
or scale showing gradation of yellow to blue represents 10 ms 
isochrones. Numbers refer to actual local activation times ref- 
erenced to the onset of the operator-selected window. Isochro- 
nal maps of sinus beats 3, 4, 5 and 6 were also concordant. 
Maps of the third and fourth slices are shown in more detail in 


Figure 4. 


global ventricular activation was reproducible. Repre- 
sentative electrograms recorded from 2 plunge needles 
during 2 of the 6 cycles analyzed from a patient are 
shown in Figure 1 and demonstrate the periodicity of 
electrogram onset, offset, peak activation and morphol- 
ogy. Figure 2 illustrates the reproducibility of these fea- 
tures for epicardial electrograms recorded during 6 con- 
secutive sinus beats from another patient. 

Three-dimensional isochronal maps of ventricular 
activation during 2 of the 6 sinus beats analyzed from a 
patient with an inferoposterior myocardial infarction 
are shown in Figure 3 and in more detail in Figure 4. 
The patterns of ventricular activation during consecu- 
tive sinus beats were concordant. In particular, trans- 
mural ventricular activation (shown by the blue iso- 
chrones) during the terminal 40 ms of the QRS com- 
plex and ST segment was reproducible during the 6 
sinus beats analyzed. In each patient, electrograms dur- 
ing this interval were recorded from the region of myo- 
cardium that had undergone infarction irrespective of 
the presence or absence of bundle branch block during 
sinus rhythm. 

The overall variability in the durations of the 9,816 
epicardial and transmural electrograms analyzed from 
the 10 patients is summarized in Figure 5. In most 
cases, values for electrogram duration were identical or 
varied by only | or 2 ms. There was no significant dif- 
ference when the variability in durations of epicardial 
electrograms was compared with that of transmural 
electrograms. Moreover, there was no significant differ- 
ence in the variability in electrogram duration when 
electrograms recorded during the terminal 40 ms of the 
QRS complex and ST segment were compared with 
electrograms recorded earlier during the QRS complex 
(Figure 6). 

Figure 7 summarizes the mean variations in loca 
activation times of the 9,816 electrograms analyzed 
Local epicardial and transmural ventricular activatior 
times were highly concordant, with mean local activa: 
tion time varying <2 ms. There was no significant dif- 
ference when the variability in local epicardial activa- 
tion times was compared with that of transmural elec- 
trograms. Moreover, there was no significant difference 
when the variability in local activation times for electro- 
grams during the terminal QRS and ST segment wa: 
compared with that for electrograms recorded earliei 
during the QRS complex (Figure 8). 

Table II summarizes mean values for electrogram 
duration, and variability in electrogram duration anc 
activation for all the electrograms analyzed. Epicardia 
electrograms were significantly longer than transmura 
electrograms (33 + 16 vs 23 + 10 ms, p <0.001). Thi: 
finding is likely a result of the differences in intraelec 
trode distance between the epicardial button (1.5 mm 
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and plunge needle (0.5 mm) electrodes. Electrograms 
during the terminal 40 ms were significantly longer 
than those occurring earlier during the QRS complex 
(36 + 20 vs 26 + 12 ms, p <0.001 ). Of note, variabili- 
ty in beat-to-beat values for electrogram duration and 
local activation time were not significant. Moreover, 
these electrogram characteristics were reproducible re- 
gardless of epicardial or intramural location, temporal 
occurrence during the cardiac cycle, inherent electro- 
gram quality, or proximity to the site of myocardial 
infarction. 


DISCUSSION 

High-resolution electrocardiography is a promising 
method for stratifying risk of development of life- 
threatening ventricular arrhythmias in patients conva- 
lescing from myocardial infarction.!3 It is based on the 
hypothesis that myocardial infarction results in occult 
derangements of ventricular activation during sinus 
rhythm that are a hallmark of an electrophysiologic- 
anatomic substrate for reentrant ventricular arrhyth- 
mias and are detectable from the body surface. Al- 
though several methods are available to extract and 
characterize these microvolt-level signals of interest, 


most rely on temporal or ensemble averaging to en- 
hance the signal-to-noise ratio.!? Temporal averaging 
reduces random or uncorrelated noise by the square 
root of the number of waveforms averaged. For tempo- 
ral averaging to work effectively, signals of interest 
must be repetitive. 

Detection of late potentials has been the ob- 
ject of signal-averaging systems available commercially. 
Methods for detection of late potentials have focused on 
interrogation of the terminal QRS complex. In this 
study, ventricular activation during the terminal 40 ms 
of the QRS complex and ST segment was analyzed 3- 
dimensionally to determine reproducibility of global 
ventricular activation during electrocardiographic inter- 
vals interrogated either totally or in part by available 
signal-averaging systems. The duration and local acti- 
vation times of epicardial, transmural and transeptal 
electrograms during these electrocardiographic intervals 
were reproducible. Electrograms recorded during the 
terminal QRS complex/ST segment represented acti- 
vation of the region of myocardium that had undergone 
infarction regardless of the site of necrosis or duration 
of the QRS complex during sinus rhythm. This latter 
finding, based on 3-dimensional mapping procedures, 





FIGURE 4. Three-dimensional isochronal maps of the third and fourth ventricular slices from Figure 3. The format and isochro- 


nal color scale are the same as in Figure 3. 
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is similar to that reported in other studies in which 
mapping was limited to the epicardium or endocardi- 
um.?!-25 Beat-to-beat variability or decremental con- 
duction during the terminal QRS complex and ST seg- 
ment has been reported in some,”®’ but not all,?> stud- 
ies of patients. These phenomena were not observed in 
this study in which global ventricular activation was an- 
alyzed during 6 consecutive sinus beats. Collectively, 
results reported here and previously suggest that these 
phenomena are rare and validate the use of temporal 
signal-averaging techniques to improve the signal-to- 


DURATION VARIABILITY 
SINUS RHYTHM 


FIGURE 5. Percentages of the 9,816 electrograms analyzed 
in which electrogram durations during 6 consecutive sinus 
beats varied by 0, 1, 2, 3 or >3 ms. Epicardial electrograms 
are represented by solid bars and transmural/transeptal elec- 
trograms by hatched bars. There was no significant differ- 
ence in extent of variability in duration between epicardial and 
transmural electrograms. 


DURATION VARIABILITY 
SINUS RHYTHM 


MM EARLY ars 
ZZA LATE QRS 






during the 


FIGURE 6. Percentages of electrograms occurring 
terminal 40 ms of the QRS (hatched bars) and of electro- 
grams occurring early during QRS (solid bars) in which elec- 
trogram durations during 6 consecutive beats varied by 0, 1, 
2, 3 or >3 ms. There was no significant difference in extent of 
variability of electrogram duration when early electrograms 
were compared with late electrograms. 








noise ratio for detecting occult signals during the termi- 
nal QRS complex and ST segment, even among pa- 
tients with intraventricular conduction delays during si- 
nus rhythm.®®.!4 


TABLE If Summary of Electrogram Characteristics 


Duration Activation 
Variability Variability 









Duration 










Epicardial 34 2116" 2 2 
Transmural 23 +10 kea I 2 
Early QRS 26+ 12 11 22 
Terminal QRS 2+1 


ACTIVATION VARIABILITY 
SINUS RHYTHM 


FIGURE 7. Percentages of epicardial (solid bars) and trans- 
mural (hatched bars) electrograms in which local activation 
times during 6 consecutive sinus beats varied by 0, 1, 2, 3 or 
>3 ms. Extent of variability in activation times for epicardial 
and transmural electrograms was similar. 


ACTIVATION VARIABILITY 
SINUS RHYTHM 


MM EARLY QRS 
LATE QRS 


FIGURE 8. Percentages of early (solid bars) and late (hatched 


bars) electrograms in which local activation times during 6 
consecutive sinus beats varied by 0, 1, 2, 3 or >3 ms. Extent 
of variability in activation times for early and late electro- 
grams was comparable. 
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Three-dimensional mapping during VT has also 
provided new insights into the pathogenesis of ventricu- 
lar arrhythmias. Reentrant activation occurring intra- 
murally and resulting from both structural and func- 
tional block has been demonstrated in experimental 
animals.*® Structural changes that are produced by in- 
farction are critical determinants of delayed activation 
and altered recovery.*? The increased separation of 
muscle bundles and the disruption of their parallel ori- 
entation by fibrosis may result in heterogeneous distor- 
tion of ventricular activation, not only during the termi- 
nal QRS complex, but also during other portions of the 
cardiac cycle. Thus, late potentials may be only one 
hallmark of an anatomic-electrophysiologic substrate 
conducive to the development of sustained VT. Recent- 
ly, spectral estimates of the entire cardiac cycle of 
signal-averaged electrocardiograms have demonstrated 
previously undefined spectral and temporal features of 
electrocardiograms from patients with sustained VT, 
features that are excluded from analysis by available 
techniques that limit the bandwidth or restrict interro- 
gation to selected portions of the cardiac cycle.°° Fea- 
tures of epicardial and transmural electrograms that 
were measured in this study were reproducible through- 
out the cardiac cycle and support analysis of electrocar- 
diographic intervals in addition to the terminal QRS 
complex. 

This study was performed in patients with remote 
myocardial infarction, left ventricular aneurysm (9 pa- 
tients) and sustained monomorphic VT. Results dem- 
onstrate that epicardial and transmural electrograms 
during sinus rhythm are periodic signals and establish a 
physiologic basis for temporal-averaging electrocardio- 
grams in these patients. The reproducibility of electro- 
gram features during sinus rhythm in patients who 
transiently develop the substrate for sustained VT dur- 
ing myocardial ischemia or as a consequence of non- 
ischemic heart disease has not yet been determined. 
Methods for beat-to-beat analysis of high-resolution 
electrocardiograms are under development and merit 
prospective testing in these patients to determine the 
extent to which the predictive accuracy for identifying 
risk for developing sustained ventricular arrhythmias 
can be improved.?®27 
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A Cellular Transtelephonic Defibrillator for 
Management of Cardiac Arrest 
Outside the Hospital 


Gavin W. N. Dalzell, MD, Pascal P. McKeown, MB, Michael J. D. Roberts, MB, 
and A. A. Jennifer Adgey, MD 





A cellular transtelephonic defibrillator facilitates 
early defibrillation in remote areas and involves 
electrocardiographic diagnosis and defibrillation 
control by a physician remote from but in voice 
contact with the patient-unit operator. The pa- 
tient unit contains a microprocessor, micro- 
phone, defibrillator, electrocardiogram/defibrilla- 
tor electrode pads and cellular telephone. Activa- 
tion of the patient-unit initiates automatic dialing 
and contact with the remotely sited base station 
within 35 to 50 seconds. The physician at the 
base station identifies the rhythm and controls 
defibrillator charging and discharge. The mini- 
mal interaction required between the system and 
the local operator makes it suitable for use by 
minimally trained first responders. The cellular 
transtelephonic defibrillator has been tested in 
211 calls responded to by a physician-manned 
mobile coronary care unit over distances up to 
15 miles in an urban area. Satisfactory electro- 
cardiographic transmission and voice communi- 
cation were established in 172 of 211 calls 
(81.5%). In 39 (18.5%), connection with the 
base station either could not be established or 
maintained mainly because of geographic loca- 
tion or battery failure. One hundred direct cur- 
rent shocks of 50 to 360 J were effectively ad- 
ministered to 22 patients with 48 episodes of 
ventricular fibrillation or ventricular tachycardia 
with successful correction of 46 of 48 episodes 
using 1 to 4 shocks per episode. Widespread dis- 
tribution of such devices could improve survival 
in patients with cardiac arrest outside the hospi- 
tal. 

(Am J Cardiol 1991;68:909-912) 
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ischemic heart disease occur suddenly outside the 

hospital, and almost all are due to ventricular fi- 
brillation. It has also been shown that one of the major 
determinants of survival from ventricular fibrillation is 
the time from collapse to attempted defibrillation. Rec- 
ognition of these factors has prompted the development 
of various health care delivery systems each striving to 
provide more rapid defibrillation.'! We have previously 
reported initial assessment of a device for transtele- 
phonic control of defibrillation using the standard tele- 
phone land lines.” This study reports the further devel- 
opment of this device with the addition of a cellular 
telephone, and its use in the management of out-of- 
hospital cardiac arrest. 


I t is well known that the majority of deaths from 


METHODS 

The transtelephonic defibrillator system (Medphone 
Corporation) consists of a patient unit in a portable 
case and a base station, connection between the 2 being 
made by a cellular telephone housed in the patient unit 
(Figure 1). The other components of the patient unit 
are unchanged from the previous device? and include 
a microprocessor for encoding and decoding, a direct- 
current defibrillator, telephone circuitry, battery with 
charging unit, microphone and 2 self-adhesive electro- 
cardiogram (ECG)/defibrillator electrode pads. When 
the patient unit is switched on, an automatic dialing 
sequence is initiated, which links the patient-unit to the 
base station. If the line is engaged or malfunctioning, 
the patient-unit will attempt dialing up to 5 other base 
stations. The base station remains unchanged from our 
previous study (Figure 2) and consists of a control pan- 
el and an electrocardiographic display with recording 
facilities. Microprocessors are used by the base station 
and the patient unit to control the defibrillator, to mon- 
itor function and to interface with the telephone system. 
Dual tone multifrequency signals are used to transmit 
instructions and minimize the risk of accidental dis- 
charge. 

After the 2 self-adhesive ECG/defibrillator elec- 
trode pads are placed appropriately on the chest, at the 
base station the physician can identify the cardiac 
rhythm and can charge and discharge the defibrillator 
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if required. Automatic “stand clear” warnings are given 
by a voice synthesizer in the patient unit while the defi- 
brillator capacitor is being charged. For additional safe- 
ty the physician awaits verbal confirmation before 
pressing the discharge buttons. 

Transthoracic impedance between the applied 
ECG /defibrillator electrode pads can be monitored by 
the physician at the base station. If the impedance 1s 
very high (>200 ohms), this suggests that an electrode 
pad may have lost contact with the chest wall. In this 
situation an alarm is automatically given via the patient 
unit voice synthesizer, thus alerting personnel at the 
scene; defibrillator charging and discharging are inhib- 
ited until the impedance is normalized by reapplication 
of the electrode. Defibrillator shocks can be synchro- 
nized or unsynchronized and the delivered energy can 
be selected by the operator over a range from 50 to 
360J. 

In this study the cellular transtelephonic defibrillator 
was assessed by a physician-manned mobile coronary 
unit team operating from our hospital, which responds 
to requests from patients with suspected myocardial in- 
farction or sudden collapse, coming from general prac- 
titioners, or ambulance personnel and lay persons. The 
introduction of this unit has been previously reported.° 

If the call was received as a “collapse,” then the 
patient unit was activated in the ambulance on the way 
to the scene by opening the case in order to avoid the 
delay produced by the automatic dialing sequence. 
Thus, the defibrillator was ready for immediate use. In 
many calls the mobile coronary care unit staff were un- 
aware of the patient’s collapse or that ventricular fibril- 
lation had developed after the ambulance was sum- 
moned. In a situation where the patient was in ventric- 
ular fibrillation when the mobile team arrived and the 
patient unit was not already activated, then a standard 
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FIGURE 1. Patient unit. 
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defibrillator was used first to minimize delay to first 
countershock. 


RESULTS 

The cellular transtelephonic defibrillator was tested 
in 211 calls responded to by the mobile coronary care 
unit over distances up to 15 miles in an urban area 
(Greater Belfast). Beforehand, the unit was tested by 
transmitting from inside the bulkhead of a ship, from 
the fuselage of an aircraft and also from inside a Fara- 
day Cage; there were no interruptions in transmission 
of the electrocardiogram. Dialing time, from activation 
of the patient unit (i.e., switching on) to establishment 
of voice and electrocardiographic transmission contact 
with the base station, ranged from 35 to 50 seconds. 
Satisfactory voice communication and electrocardio- 
graphic transmission were established in 172 of 211 
(81.5%) calls. In 39 (18.5%), connection with the base 
station could either not be established or maintained, 
mainly because of geographic location or battery fail- 
ure. Communication was not possible from basements 
and a clearly defined area of the city close to a 1,000- 
foot high mountain. Crossed lines causing operational 
failure of the system occurred twice in 1 call. Minor 
system failures resulting in temporary disconnections 
with immediate automatic redialing occurred in 26 of 
211 calls. None of these caused interference with sys- 
tem operation. 

Using this system 100 direct-current shocks (energy 
50 to 360 J) were delivered to a total of 22 patients 
with 43 episodes of ventricular fibrillation and 5 of ven- 
tricular tachycardia. The arrhythmia was successfully 
corrected in 46 of the 48 episodes using 1 to 4 shocks 
per episode. Of these patients, 5 survived to reach the 
hospital and 3 were discharged (2 with ventricular fi- 
brillation, 1 with ventricular tachycardia). 
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FIGURE 2. Base station and central console. 
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An attempt to establish communication in a fast 
moving ambulance was generally successful, but main- 
tenance of contact was more difficult as one moves 
from one cell-nett to another and with especially fre- 
quent disconnections on alighting from the vehicle. This 
was due to the patient unit case being partially closed to 
be carried from the ambulance to the patient. 

Figure 3 shows the ECG recorded at the base sta- 
tion of a patient with out-of-hospital ventricular fibril- 
lation and successful direct-current countershock. 


DISCUSSION 

The introduction of the mobile coronary care con- 
cept in Belfast in 1966 showed that ventricular fibrilla- 
tion outside the hospital could be corrected.4 Extension 
of this basic concept to defibrillation by paramedics and 
emergency medical technicians was rapid. However, 
overall results in terms of lives saved remains disap- 
pointing, and it is likely that this is largely due to the 
inherent delay between onset of ventricular fibrillation 
to defibrillation. Eisenberg and Cummins> estimated 
that in the United States, only 1 to 3% of the 300,000 
patients per year with out-of-hospital ventricular fibril- 
lation are successfully resuscitated and subsequently 
discharged from the hospital. The use of automatic ex- 
ternal defibrillators by minimally trained first respond- 
ers has been another significant development, but algo- 
rithms for ventricular fibrillation detection will never be 
better than the trained human observer at arrhythmia 
diagnosis. 

Transtelephonic defibrillation was first suggested in 
1979,6 but it only became a practical proposition 
with the development of self-adhesive ECG /defibrilla- 
tor electrode pads. These pads enable rapid transmis- 
sion of a high-quality electrocardiographic signal and 
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transthoracic defibrillation without touching the patient 
and thus no risk to the operator of the patient unit.’ 
Transtelephonic defibrillation can provide defibrillation 
more rapidly after a collapse, and offers control and 
performance of defibrillation by remotely sited trained 
hospital personnel.**? Inclusion of cellular telephone 
technology permits a much wider range of use of the 
device than in previous studies?*? and has transformed 
the system into a truly “portable defibrillator.” 

We have found satisfactory operation of the system 
in 81.5% of calls in an urban area. It is well known that 
communication using a cellular telephone is not possible 
in some geographic areas, although this may change 
with technologic advances. The battery system was 
changed during the course of this study. The perma- 
nent battery within the patient unit was replaced with a 
replaceable battery pack that is simply clipped in the 
patient unit, and spare batteries can be carried in a 
mobile charger. Each battery provides 1 hour of elec- 
trocardiographic monitoring. 

The poor rate of survival to discharge from the hos- 
pital that we have recorded results from the design of 
the study. Patients in cardiac arrest are shocked with 
minimum delay. Thus, if, as part of our protocol, the 
cellular defibrillator had not been activated while trav- 
eling to the scene, then a standard defibrillator was 
used initially because of the dialing time delay. Many 
of these patients required only 1 or 2 shocks. Therefore, 
the cellular unit, having established communication 
with the base station, was used in only patients with 
resistant or recurrent ventricular fibrillation. Patients 
requiring multiple shocks for correction of ventricular 
fibrillation are known to have a poor prognosis,! and 
thus our results are biased toward the “worst case” 
group of patients. 
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This bias would obviously not exist when the unit is 
used as sole defibrillator by minimally trained first re- 
sponders. With the more recent developments, the pa- 
tient unit now weighs 26 lbs, and dialing time is re- 
duced to 10 to 15 seconds. The transmission of ECGs 
from outside the hospital can be interrupted if the 
ECG /defibrillator electrode pads are applied incorrect- 
ly, if there is interruption or cessation of cellular trans- 
mission, or continuing cardiopulmonary resuscitation 
and voice communication during ventricular fibrillation 
analysis. Nevertheless, the effectiveness of this system 
in improving outcome from out-of-hospital ventricular 
fibrillation could be assessed in a controlled study com- 
paring the effect of equipping an ordinary ambulance 
crew trained only in basic life support with a cellular 
transtelephonic defibrillator. 

Out-of-hospital defibrillation of patients with cardi- 
ac arrest in the community using a cellular transtele- 
phonic defibrillator is feasible, effective and safe. Wide- 
spread distribution of these devices establishing a net- 
work throughout a community has the potential to 
shorten significantly the time from onset of ventricular 
fibrillation to attempted defibrillation and thereby sur- 
vival. One could envisage deployment of these units 
with first responders such as police or fire crews, first- 
aid teams or emergency medical technicians. Experi- 
ence with the paramedic system in North America has 
shown that a large portion of the expense involved is the 
cost of training and retraining personnel. Transtele- 
phonic monitoring and defibrillation is cheap because 
highly trained hospital personnel are “transported” to 
the scene of the cardiac arrest, which includes rural 
areas or areas with a large population such as offices, 
factories and shopping malls; personnel may also use 
sidewalk telephones. 

The addition of 12-lead diagnostic electrocar- 
diographic capability would allow the hospital-based 
physician to diagnose an acute myocardial infarction 
and instruct the ambulance personnel, provided there 
were no exclusion criteria to administer out-of-hospital 
thrombolytic therapy.!! Such prehospital thrombolytic 
therapy has been shown to improve myocardial func- 
tion in the infarct area and reduce infarct size.!? 


Home use of a transtelephonic defibrillator in per- 
sons at high risk from recurrent ventricular dysrhyth- 
mias represents a real alternative to the automatic im- 
plantable cardioverter defibrillator. Not only is the sys- 
tem noninvasive and cheaper, but also the cellular 
transtelephonic defibrillator permits ease of correction 
of ventricular fibrillation similar to that of an automatic 
implantable cardioverter defibrillator. Decisions regard- 
ing countershocks are made by a trained physician, 
thus avoiding the potential problems associated with de- 
tection algorithms. 

Defibrillation controlled remotely by cellular tele- 
phone represents an important advance in the manage- 
ment of sudden cardiac death. Further investigation 
and application of this system is essential. 
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Lack of Reproducibility of Frequency Versus 
Time Domain Signal-Averaged 
Electrocardiographic Analyses and Effects of 
Lead Polarity in Coronary Artery Disease 


William Emmot, MD, and James L. Vacek, MD 





Time domain signal-averaged electrocardio- 
graphic parameters have been found to be con- 
sistent over the short term. Similar data have not 
been verified for the frequency domain. In addi- 
tion, the effects of lead polarity changes on time 
domain or frequency domain parameters are not 
known. Signal-averaged electrocardiography 
was performed on 15 patients using the Ar- 
rhythmia Research Technology model 1200 EPX 
with orthogonal X, Y and Z leads. Time domain 
variables included filtered QRS, root-mean- 
square voltage of the last 40 ms of the QRS and 
duration of signals <40 „V. Two frequency do- 
main area ratios were analyzed: a 140-ms win- 
dow including last 40 ms of QRS + 100 ms of 
ST; and a 140-ms window beginning at QRS on- 
set (both 20 to 50/0 to 20 Hz). Values were 
compared for each lead, as well as for a vector 
composite and the arithmetic mean of the 3 
leads. Each patient underwent 3 studies per- 
formed 5 minutes apart. The polarity of the X 
lead was reversed between the first and second 
studies, and then returned to standard for the 
third study. Time domain variables correlated 
closely among the studies irrespective of lead po- 
larity, with r values of 0.993 to 1.000 (p 
<0.0001). Frequency domain parameter correla- 
tion was much poorer, with r values as low as 
0.276. Frequency domain correlations between 
tests 1 and 2 and 2 and 3 (mean r = 0.778) were 
poorer than between tests 1 and 3 (mean 
r = 0.829), implying an effect of lead polarity 
change. In conclusion, time domain variables are 
consistently measured and not affected by lead 
polarity, and frequency domain parameters are 


From the Veterans Administration Medical Center, and Mid America 
Heart Institute, St. Luke’s Hospital, Kansas City, Missouri. Manu- 
script received January 8, 1991; revised manuscript received and ac- 
cepted May 24, 1991. 

Address for reprints: James L. Vacek, MD, Mid-America Cardiol- 
ogy Associates, 4321 Washington, Suite 4000, Kansas City, Missouri 
64111. 


altered by lead polarity change and are inconsis- 
tently measured even over the short term. 
(Am J Cardiol 1991;68:913-917) 


sive, computerized method of processing electro- 

cardiographic signals to determine the presence 
of low-amplitude electrical activity in the terminal por- 
tion of the QRS complex called “late potentials.” 1-3 
These late potentials identify patients who may be at 
high risk for developing sustained ventricular tachycar- 
dia or sudden cardiac death, or both.4-!9 In recent 
years, signal-averaged electrocardiograms (SAECGs) 
have been analyzed in both the time and frequency do- 
mains for the presence and characteristics of late po- 
tentials.!~7,7-!!.!3-19 Some investigators have reported 
a good correlation between these 2 analytic meth- 
ods,!7:!9-21 whereas others have not.22 We also noted 
that the instruction manuals for the 2 major manufac- 
turers of signal-averaged electrocardiographic equip- 
ment described different lead polarity electrode align- 
ments (Figure 1). The effects of altered lead polarity on 
the SAECG has to our knowledge not been previously 
described. The purpose of this study was to determine 
whether time and frequency domain analysis of the 
SAECG was reproducible in the same patient?3 and 
whether lead polarity changes had any effect on analy- 
sis of the SAECG in the time and frequency domains. 


S ignal-averaged electrocardiography is a noninva- 


METHODS 

Patients: Fifteen men (mean age 59 + 9 years) 
with coronary artery disease were recruited from the 
inpatient cardiology service. No changes in any chronic 
medications were performed. No patient was in the im- 
mediate postinfarction period. Standard 12-lead elec- 
trocardiograms were obtained in all patients and inter- 
preted in the usual manner using standard criteria for 
diagnosing infarction and conduction defects. 

Signal-averaged electrocardiography: The Ar- 
rhythmia Research Technology model 1200 EPX was 
used to record simultaneous orthogonal X, Y and Z 
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Front View 





FIGURE 1. Orthogonal lead positions for signal averaged elec- 
trocardiography. The Y lead polarities were noted to be oppo- 
site in the product literature for 2 commercial equipment man- 
ufacturers. For this study, the X lead polarity was reversed 
from standard for study 2, and then returned to standard for 
study 3. The Z+ electrode is anterior and the Z— lead is pos- 
terior 


leads after careful skin preparation and application of 
silver /silver chloride electrodes.'? At least 100 beats 
were averaged at each recording with a final mean 
noise level <0.3 uV. Each patient underwent 3 studies 
performed 5 minutes apart. The polarity of the X lead 
was reversed for the second study and returned to stan- 
dard for the third study (Figure 1). 

Time domain analysis: After initial filtering and 
amplification as previously described,'-3°-7!9!! the 
data were filtered using a bidirectional 4-pole, band- 
width, Butterworth digital filter (40 to 250 Hz). The 3 
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leads were combined to form a root-mean-square vector 
(,/x2 + y? + 2?) called the filtered QRS. The earliest 
onset and latest offset of the QRS was determined from 
the unfiltered leads by computer algorithm. The pa- 
rameters studied included duration of the filtered QRS, 
duration of the terminal QRS <40 uV (low-amplitude 
signals) and root-mean-square amplitude of the termi- 
nal 40 ms.!-!9 

Fast Fourier transform analysis: Data were exam- 
ined using methods similar to those previously de- 
scribed to be useful.!32° Two intervals were analyzed 
for area ratios: a 140-ms window that included the last 
40 ms of the QRS and 100 ms of the ST segment 
(method 1)!3 (Figure 2), and a second 140-ms window 
that began at the onset of the QRS (method 2).”° 
These areas of interest were selected by computer algo- 
rithm to eliminate human bias. The data were multi- 
plied by a Blackman-Harris 4-term window function to 
reduce spectral leakage from edge discontinuities. The 
data were padded with zeros to fill a 512-point array, 
and fast Fourier transform analysis was applied to de- 
termine frequency content. Unsquared data from fast 
Fourier transform analysis provided a plot of magni- 
tude versus frequency. Area ratios were calculated by 
dividing the area from 20 to 50 Hz by the area from 0 
to 20 Hz. These results were multiplied by 1,000 to 
allow working with whole numbers rather than with 
fractions.'3-!5 Values were compared for each lead, as 
well as for the composite vector and the arithmetic 
mean of the 3 leads.!> 

Statistical methods: Standard descriptive statistics 
were used. A p value <0.05 was considered significant. 
Pearson product moment correlation was used to calcu- 
late correlation coefficients. Fisher’s Z test was used for 
comparison of correlation coefficients. Analysis of vari- 
ance was used to compare data among the 3 studies. 


FIGURE 2. Terminal QRS and ST-seg- 
ment window (140 ms) used for frequency 


ning at QRS onset was used for method 2. 
Max = maximal. 
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TABLE I| Patient Characteristics and Time Domain Variables 


SAECG Time Domain Variables (tests 1, 2 and 3) 
Age Standard 
QRS (ms) QRS (ms) 


RMS (uV) LAS (ms)* 


93, 96, 97 
131, 132, 132 
163, 164, 154 
ILA 217,218 
96, 99, 95 
103, 106, 108 
111, 109, 109 
147, 153, 146 
103, 104, 103 
87,94, 92 
100, 99, 101 
100, 97, 99 
102, 100, 101 
93, 98, 96 36,35,35 -29,29,29 
148, 146, 149 e A E A l 70, 63, 66 
*Time domain SAECG variables all correlated with r > 0.993, p < 0.0001. 

All patients were men. 

LAS = low-amplitude signals; < 404V; QRS = QRS duration; RMS = root-mean- 


square voltage in terminal 40 ms of filtered QRS; SAECG = signal-averaged 
electrocardiographic. 


48,47, 47 
20, 19,19 
5-5,6 

43; 33542 
45, 53, 50 
40, 40, 37 
17, 18, 20 
9,8,9 

29, 28, 27 
85, 80, 82 
16, 18, 16 
18,19, 17 
46, 48, 44 


25, 24, 25 
65, 65, 67 
96, 96, 86 
48, 48, 49 
25, 23, 24 
31, 31, 32 
42, 41, 40 
74, 73, 73 
20, 21, 21 
24, 27, 25 
40, 39, 40 
40, 39, 40 
29, 29, 30 


1 
2 
3 
4 
5 
6 
7 
8 
9 





RESULTS 

All time domain variables correlated closely be- 
tween studies irrespective of lead polarity with r values 
of 0.993 to 1.000 (p <0.0001) (Table I). Fast Fourier 
transform data analysis results revealed that calculated 
area ratios varied widely between studies (Tables II and 
III). This was true for individual leads as well as for the 
composite vector and the 3-lead arithmetic mean. The 
correlation between frequency domain parameters was 
poor with r values as low as 0.276. The correlations 
between tests 1 and 2 and 2 and 3 (mean r = 0.778) 
were poorer than between tests 1 and 3 (mean r = 
0.829), implying an effect of lead polarity change on 
the frequency domain analysis. Similar findings were 
noted if patients with conduction delays on the standard 
electrocardiogram (patients 2, 3, 8 and 15) were ex- 
cluded. 

There was no significant difference between final 
noise levels or number of acquired cycles among the 3 
studies by analysis of variance. By time domain crite- 
ria,?!%22,24 no patient’s classification as normal or ab- 
normal changed from study to study (2 of 3 abnormal 
criteria required to qualify as abnormal); 7 patients 
were normal and 8 abnormal. Classification of patients 
as abnormal or normal by frequency domain analysis is 
in large part dependent on the criteria chosen owing to 
the large number of potential options using different 
analytic techniques and to the lack of standardized, val- 
idated guidelines. For example, using method 1, a 10- 
fold difference in area ratios was believed to distinguish 
between patients with and without ventricular tachy- 
cardia.!? By this criterion, 1 of our patients would have 
been misclassified, and another demonstrated an 8.5- 
fold difference between subsequent studies. In our labo- 


QRS (ms) 
RMS (uV) 
LAS (ms) 


X lead 
Y lead 
Z lead 
Composite 
Mean 


Method 2 


X lead 
Y lead 
Z lead 
Composite 
Mean 


Noise (uV) 


113 + 23 
29 + 21 
44 + 23 


7%: 192 
28139 
22+ 21 
29 £ 53 
37 + 72 


232 + 303 
139 + 122 
131 +151 
332 + 456 
168 + 121 





0.27 + 0.07 


177 + 81 


Test 2 


114 + 23 
29 +21 
43 + 22 


103 + 206 
43 +91 
10+ 21 
25 £170 
52 + 76 


239 + 307 
145 + 160 
160 + 189 
134 + 203 
181 + 132 


0.31 + 0.07 


157 + 67 





TABLE Il Signal-Averaged Electrocardiographic Variables 


Test 1 


Time Domain 


Test 3 


113 + 21 
29 + 21 
43 + 21 


Frequency Domain (all area ratios) 


Method 1 


56 + 107 
50 + 129 
9+21 
18 + 27 
38 + 55 


216 + 250 
152 + 156 
157 + 182 
334 + 441 
175.2127 


0.30 + 0.03 


184 + 101 





Cycles 













All values are mean +1 standard deviation. 
See Methods section for frequency analysis technique description. 
Abbreviations as in Table |. 









TABLE Ill Correlation Coefficient Comparison by Fisher Z Test 


Tests 1 vs 3 
Compared with 
Tests 2 vs 3 


Tests 1 vs 2 
Compared with 
Tests 2 vs 3 


Tests 1 vs 2 
Compared with 
Tests 1 vs 3 


Frequency 
Domain 


Method 1 
X lead p=NS 
Y lead p=NS 
Z lead p=NS 
Composite p <0.001 
Mean p=NS 
Method 2 
X lead p=NS 
Y lead p=NS 
Z lead p=NS 
Composite p <0.001 p <0.001 
Mean p=NS p = 0.02 


Time domain: p = NS for a significant difference between all possible combinations 
of correlation coefficient comparisons of variables for tests 1 vs 2, tests 1 vs 3 and tests 


p <0.001 
p <0.001 


p <0.001 
p <0.001 
p=NS 

p <0.001 
p = 0.04 


p=NS 
p=NS 
p <0.001 


NS = not significant. 





ratory we have often used an area ratio cutoff of 100 
to distinguish between normal (<100) and abnormal 
(>100) studies using method 1. By this criterion, 3 of 
our patients would have been misclassified on sequen- 
tial studies. Additionally, no correlation existed between 
time domain and either of these frequency domain 
techniques for classification of normal or abnormal. Al- 
though analysis of variance showed no clearly signifi- 
cant differences in any signal-averaged electrocardio- 
graphic parameter, 2 comparisons (method 1 Z lead 
and composite vector) were borderline (p = 0.055 and 
0.058, respectively). Wide standard deviations obscured 
clinically important differences, which resulted in mis- 
classifications as previously noted. 
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DISCUSSION 

The most frequently used signal-averaged electro- 
cardiographic method is a time domain signal-process- 
ing technique originally described by Simson in 1981.! 
This appears to be a reproducible technique in the short 
and long term.?? More recently, a second approach 
based on frequency domain signal-processing tech- 
niques was developed by Cain et al.!? They found that 
an area ratio derived from fast Fourier transform anal- 
ysis of the terminal portion of the QRS complex and 
ST segment could differentiate between postinfarction 
patients who would have ventricular tachycardia and 
those who would not. However, the frequency domain 
analysis approach has not been validated consistently 
in independent studies using a common methodolo- 
gy,!719-22 and, to our knowledge, no data directly ad- 
dress the short-term reproducibility of this analysis. 

This lack of reproducibility of frequency domain 
analysis results by independent investigators caused us 
to investigate some very basic aspects of this approach. 
First, could frequency domain analysis data be repro- 
duced in the same patient when repeating the test after 
a 10-minute delay using the same electrodes? Second, 
would changing the polarity of 1 orthogonal lead (X) 
change the results of frequency domain analysis? Our 
data show that there are significant variations in fre- 
quency analysis of SAECGs in the same patient in tests 
performed only a few minutes apart. We attempted to 
minimize procedurally related causes for data variabili- 
ty by performing the studies only minutes apart and by 
not changing electrode position. Despite this procedural 
optimalization, the reproducibility of frequency analysis 
was inferior to that of time domain analysis. 

Signal-averaged electrocardiographic frequency do- 
main analysis is a technique that would appear to have 
inherent methodologic superiority over time domain 
techniques, because frequency domain analysis concen- 
trates on characteristics of late potentials, which are 
unique owing to disordered electrical activity in dis- 
eased myocardium. It should be less affected by con- 
duction defects than time domain analysis is.'47* How- 
ever, the development of frequency domain techniques 
has been hindered by use of several different types of 
equipment, some custom-made and some commercially 
developed, that appear to process data differently. Most 
studies showing diagnostic accuracy of frequency do- 
main techniques have used custom-made apparatus; 
only a few have used commercially available equip- 
ment. Even with time domain analysis, the type of 
equipment used may affect signal-averaged electrocar- 
diographic measurement.”° Initial frequency domain 
analysis reports by Cain and Lindsay and their co- 
workers!3:!4 used Frank X, Y and Z leads, whereas 
most other investigators have used bipolar orthogonal 
leads.!7:!9-22 There is also controversy as to the appro- 


priate frequency ranges that should be studied. The 
most active investigators in this area, Cain et al, have 
systematically excluded frequencies >50 Hz. Other 
groups have found that frequencies >60 Hz actually 
allow for the greatest discriminant value.!7! 

Frequency domain analysis when performed by fast 
Fourier transform is a theoretically complex mathemat- 
ic construct, when applied to the electrocardiogram, de- 
mands several assumptions and simplifications. The in- 
clusion of direct-current offset voltage, setting of 0 
mean, duration of the window to which the fast Fourier 
transform is applied, and positioning of the window rel- 
ative to the QRS, as well as other technical aspects, 
may contribute to variability in frequency domain ana- 
lytic results. It appears that the polarity status of the 
electrical information when frequency domain analysis 
is performed is also important, as demonstrated by the 
marked variability of results when the orientation of 1 
lead was changed in our study. 

Our study does not negate the potential validity of 
previously published work or the value of future investi- 
gation in this area, but it does suggest caution in the 
application of results obtained by this technique, and 
the need for standardization and verification of analytic 
methods. It is possible that alternative frequency do- 
main techniques, criteria and equipment may provide 
more consistent results than those noted in this study. 


REFERENCES 


1. Simson MB. Use of signals in the terminal QRS complex to identify patients 
with ventricular tachycardia after myocardial infarction. Circulation 1981;64: 
235-242. 

2. Denes P, Santarelli P, Hauser RG, Uretz EF. Quantitative analysis of the high- 
frequency components of the terminal portion of the body surface QRS in normal 
subjects and in patients with ventricular tachycardia. Circulation 1983;67: 
1129-1138. 

3. Berbari EJ, Lazzara R. An introduction to high-resolution ECG recordings of 
cardiac late potentials. Arch Intern Med 1988;148:1859-1863. 

4. Lewis SJ, Lander PT, Taylor PA, Chamberlain DA, Vincent R. Evolution of 
late potential activity in the first six weeks after acute myocardial infarction. Am J 
Cardiol 1989;63:647-651. 

5. El-Sherif N, Ursell SN, Bekheit S, Fontaine J, Guritto G, Henkins R, Caref 
EB. Prognostic significance of the signal-averaged ECG depends on the time of 
recording in the postinfarction period. Am Heart J 1989;118:256-264. 

6. McGuire M, Kuchar D, Ganis J, Sammel N, Thorburn C. Natural history of 
late potentials in the first ten days after acute myocardial infarction and relation to 
early ventricular arrhythmias. Am J Cardiol 1988;61:1187-1190. 

7. Buckingham TA, Ghosh S, Homan SM, Thessen CC, Redd RM, Stevens LL, 
Chaitman BR, Kennedy HL. Independent value of signal-averaged electrocardi- 
ography and left ventricular function in identifying patients with sustained ven- 
tricular tachycardia with coronary artery disease. Am J Cardiol 1987;59: 
568-572. 

8. Borbola J, Ezri MD, Denes P. Correlation between the signal-averaged electro- 
cardiogram and electrophysiologic study findings in patients with coronary artery 
disease and sustained ventricular tachycardia. Am Heart J 1988;115:816-824. 
9. Gomes JA, Winters SL, Stewart D, Horowitz S, Milner M, Barreca P. A new 
noninvasive index to predict sustained ventricular tachycardia and sudden death in 
the first year after myocardial infarction: based on signal-averaged electrocardio- 
gram, radionuclide ejection fraction and Holter monitoring. J Am Coll Cardiol 
1987;10:349-357. 

10. Winters SL, Stewart D, Targonski A, Gomes JA. Role of signal averaging of 
the surface QRS complex in selecting patients with nonsustained ventricular 
tachycardia and high grade ventricular arrhythmias for programmed ventricular 
stimulation. J Am Coll Cardiol 1988;12:1481-1487. 


916 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 1, 1991 


11. Kuchar DL, Thorburn CW, Sammel NL. Prediction of serious arrhythmic 
events after myocardial infarction: signal-averaged electrocardiogram, Holter 
monitoring and radionuclide ventriculography. J Am Coll Cardiol 1987;!): 
531-538. 

12. Kuchar DL, Thorburn CW, Sammel NL. Signal-averaged electrocardiogram 
for evaluation of recurrent syncope. Am J Cardiol 1986;58:949-953. 

13. Cain ME, Ambos HD, Markham J, Fischer AE, Sobel BE. Quantification of 
differences in frequency content of signal-averaged electrocardiograms in patients 
with compared to those without sustained ventricular tachycardia. Am J Cardiol 
1985;55:1500-1505. 

14. Lindsay BD, Markham J, Schechtman KB, Ambos HD, Cain ME. Identifi- 
cation of patients with sustained ventricular tachycardia by frequency analysis of 
signal-averaged electrocardiograms despite the presence of bundle branch block. 
Circulation 1988;77:122-130. 

15. Lindsay BD, Ambos HD, Schechtman KB, Cain ME. Improved differentia- 
tion of patients with and without ventricular tachycardia by frequency analysis of 
multiple electrocardiographic leads. Am J Cardiol 1988;62:556-561. 

16. Haberl R, Jilge G, Pulter R, Steinbeck G. Spectral mapping of the electrocar- 
diogram with Fourier transform for identification of patients with sustained ven- 
tricular tachycardia and coronary artery disease. Eur Heart J 1989;10:316-322. 
17. Pierce DL, Easley AR, Windle JR, Engel TR. Fast Fourier transformation of 
the entire low amplitude late QRS potential to predict ventricular tachycardia. J 
Am Coll Cardiol 1989;14:1731-1740. 

18. Cain ME, Ambos HD, Lindsay BD, Markham J, Arthur RM. Spectral and 
temporal interrogation of signal-averaged electrocardiograms: the best is yet to 


come. J Am Coll Cardiol 1989;14:1741-1743. 

19. Buckingham TA, Thessen CM, Hertweck D, Janosik DL, Kennedy HL. 
Signal-averaged electrocardiography in the time and frequency domains. J Am 
Coll Cardiol 1989;63:820-825. 

20. Worley SJ, Mark DB, Smith WM, Wolf P, Califf RM, Strauss HC, Man- 
waring MG, Ideker RE. Comparison of time domain and frequency domain 
variables from the signal-averaged electrocardiogram: a multivariable analysis. J 
Am Coll Cardiol 1988;11:1041-1051. 

21. Haberl R, Jilge G, Pulter R, Steinbeck G. Comparison of frequency and time 
domain analysis of the signal-averaged electrocardiogram in patients with ventric- 
ular tachycardia and coronary artery disease: methodologic validation and clinical 
relevance. J Am Coll Cardiol 1988;12:150-158. 

22. Machac J, Weiss A, Winters SL, Barecca P, Gomes JA. A comparative study 
of frequency domain and time domain analysis of signal-averaged electrocardio- 
grams in patients with ventricular tachycardia. J Am Coll Cardiol 1988;11: 
284-296. 

23. Borbola J, Denes P. Short- and long-term reproducibility of the signal- 
averaged electrocardiogram in coronary artery disease. Am J Cardiol 1988:61: 
1123-1124. 

24. Buckingham TA, Thessen CC, Stevens LL, Redd RM, Kennedy HL. Effect 
of conduction defects on the signal-averaged electrocardiographic determination 
of late potentials. Am J Cardiol 1988;61:1265-1271. 

25. Vacek JL, Smith S, Dunn MI. Late potential parameter and noise level 
variability caused by bandpass versus high-pass filtering and type of signal averag- 
ing equipment used. J Electrophysiol 1989;3:278-282. 


FREQUENCY DOMAIN ANALYSIS REPRODUCIBILITY 917 





SYSTEMIC HYPERTENSION 


Exercise-induced Secretion of Atrial Natriuretic 
Factor and Its Relation to Hemodynamic and 
Sympathetic Stimulation in Untreated 
Essential Hypertension 
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This study evaluates the release of atrial natri- 
uretic factor (ANF) during maximal exercise in 7 
patients with untreated moderate to severe hy- 
pertension with invasive monitoring of hemody- 
namic characteristics in relation to sympathetic 
activity. Peripheral venous ANF (fmol/ml) was 
determined at rest and maximal exercise produc- 
ing a respiratory exchange ratio of 1.14 + 0.10. 
In 5 of 7 patients, simultaneous right ventricular 
and peripheral venous ANF samples could be ob- 
tained to assess exercise myocardial secretion of 
ANF. With exercise, mean blood pressure in- 
creased from 150 + 26 to 192 + 29 mm Hg (p 
<0.001), pulmonary wedge pressure increased 
from 7 + 3 to 18 + 10 mm Hg (p <0.05) and 
ANF increased from 11.7 + 8.2 to 25.7 + 15.9 
(p <0.02). This ANF response correlated weakly 
with pulmonary wedge pressure (r = 0.497, 

p = not significant), since patients without an in- 
crease in pulmonary wedge pressure had no in- 
crease in ANF. However, changes in pulmonary 
wedge pressure and plasma norepinephrine dur- 
ing exercise were inversely correlated 

(r = —0.811, p <0.02), with the greatest in- 
crease in norepinephrine occurring with a mini- 
mal increase in pulmonary wedge pressure. Sim- 
ilarly, ANF and plasma norepinephrine were in- 
versely correlated during exercise (r = —0.869, 

p <0.05). A significant increase in right ventric- 
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ular ANF indicated myocardial secretion. Plasma 
ANF therefore increased because of active myo- 
cardial production during exercise in patients 
with moderate to severe hypertension. These 
findings further suggest a directionally opposing 
relation between ANF release resulting from in- 
creased atrial tension and sympathetic nervous 
system influence on cardiac performance during 
exercise. 

(Am J Cardiol 1991;68:918-924) 


evidence that the release of atrial natriuretic 

factor (ANF) is regulated by the change in 
atrial wall tension.!“* Whereas clinical studies have 
identified that ANF secretion increases in response to 
exercise in normotensive and hypertensive subjects,>-!° 
the hemodynamic factors regulating ANF release dur- 
ing exercise have not been clarified. Furthermore, it has 
been postulated that the magnitude of exercise-induced 
ANF secretion may be influenced by the sympathetic 
nervous system.!! Hemodynamic monitoring by inva- 
sive methodology is necessary to characterize changes 
in cardiac filling pressures, which provide the only clini- 
cally accessible measure of atrial tension during exer- 
cise. This study was conducted to determine the magni- 
tude of ANF secretion during exercise related to he- 
modynamic characteristics in patients with untreated 
essential hypertension. In addition, the study was de- 
signed to assess whether the increase in plasma ANF 
concentration during exercise could be attributed to 
increased myocardial secretion rather than accumula- 
tion. Furthermore, we determined the relation between 
ANF secretion and the change in sympathetic nervous 
system activity that occurs during exercise. 


B oth animal and human studies provide strong 


METHODS 

Patient group: This study was approved by the Hu- 
man Rights in Research Committee of The New York 
Hospital—Cornell University Medical Center. Patients 
participated in this study after they had provided writ- 


918 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 1, 1991 


ten informed consent. Seven patients with untreated es- 
sential hypertension were studied. They consisted of 1 
woman and 6 men, aged 28 to 73 years. All patients 
were referred after exclusion of chronic renal failure, 
congestive heart failure, symptomatic coronary artery 
disease, and secondary causes of hypertension. Existing 
treatment regimens were discontinued for at least 6 
half-lives to a maximum of 3 weeks. All patients were 
admitted to the adult clinical research center 23 days 
before the study, where dietary sodium was maintained 
at 100 mEq/day. Because no patient in this study pro- 
vided a history of chest pain or myocardial ischemia, 
coronary angiography was not justified. However, all 
patients underwent a prior screening Bruce protocol 
treadmill test, which excluded clinical and electrocar- 
diographic evidence of coronary artery disease. 
Hemodynamic study protocol: All patients were 
studied in the morning after an overnight fast. The de- 
tails of the hemodynamic study are as previously de- 
scribed.!?-!4 A right heart catheter was placed percuta- 
neously from either an arm vein or an internal jugular 
vein, and a cannula was placed percutaneously into a 
brachial artery. The patients were placed in a seated 
position in which they could comfortably pedal an elec- 
tronically braked bicycle ergometer attached to the ta- 
ble. Data were obtained at rest, after which continuous 
exercise was initiated, with 25-W increments of 3 min- 
utes’ duration. Exercise continued until exhaustion, and 
a respiratory exchange ratio 20.95. Respiratory gas ex- 
change was obtained for continuous analysis of oxygen 
consumption (VCO; ml/min), and carbon dioxide 
production (VCO;; ml /min). Weight corrected oxygen 
consumption was calculated (VO/kg), expressed as 
ml/min/kg. Gas exchange measurements also permit- 
ted determination of the respiratory exchange ratio 
(VCO;/VO,). Heart rate and both systemic and pul- 
monary pressures were recorded continuously through- 
out the study on a multichannel recorder. Heart rate 
was monitored from a standard limb lead electrocardio- 
gram. Pressures (mm Hg) were tracked as both phasic 
and electronically filtered mean recordings, with use of 
the latter for calculation of derived indexes. Arterial 
blood pressure was recorded as systolic, diastolic and 
mean values. Pulmonary artery and right atrial pres- 
sures were recorded continuously. Phasic and mean 
pulmonary wedge pressures were obtained at the end of 
the rest phase, and just before the last minute of each 
stage of exercise. Cardiac output was determined by 
thermodilution, in triplicate, using 10 ml of iced dex- 
trose in water injectate and was expressed as cardiac 
index (liters /min /m?) correcting for body surface area. 
Stroke volume index (ml/m?) was obtained by dividing 
cardiac index by heart rate. Systemic vascular resis- 
tance was calculated from the formula: (mean arterial 
pressure — right atrial pressure) X 80 divided by cardi- 


ac output. Pulmonary vascular resistance was calculat- 
ed from the formula: (mean pulmonary arterial pres- 
sure — pulmonary wedge pressure) X 80, divided by 
cardiac output. Both resistance calculations are ex- 
pressed as dynes - s/cm>. 

Biochemical analyses: Blood samples for biochemi- 
cal analyses were obtained at rest and peak exercise. 
The sampling was obtained from a peripheral vein ex- 
cept where indicated. Plasma norepinephrine and epi- 
nephrine samples were analyzed by the radioenzymatic 
method of Peuler and Johnson,!> with values expressed 
as pg/ml. Simultaneous blood samples were obtained 
from the pulmonary artery and brachial artery for 
analysis of blood oxygen saturation (SaO2). Blood oxy- 
gen content (CaO,) was calculated from the formula: 
CaO; = SaO, X hemoglobin X 1.34 expressed as vol- 
ume percent. The arteriovenous oxygen difference was 
then calculated as the difference of brachial artery and 
mixed venous oxygen content. 

Analysis of plasma ANF levels was by radioimmu- 
noassay, as previously described,'® and values are ex- 
pressed as fmol/ml. Samples were obtained from a pe- 
ripheral vein at rest and peak exercise. In 5 of the 7 
patients, we were able to obtain simultaneous samples 
from a peripheral vein and from the right ventricle by 
means of a right ventricular sampling port in the right 
heart catheter. Documentation that the sampling port 
was in the right ventricle was achieved by recording a 
right ventricular pressure waveform from the port just 
before sampling. 

The complex circulation of the heart prevents the 
calculation of a classic secretory rate. However, we 
calculated a cardiac secretory rate to assess relative 
changes of ANF during exercise. The difference be- 
tween right ventricular and peripheral venous ANF 
concentration was utilized as the maximal gradient 
across the heart. This gradient was multiplied by the 
cardiac output, representing the total venous return to 
the right ventricle, in order to derive the cardiac secre- 
tory rate as an estimate of myocardial ANF secretion 
reaching the total circulation from the heart. The result 
(ANFry-ANFyenous) X cardiac output was expressed 
as fmol/min X 10°. 

ANF is known to exert its vasodilator properties by 
coupling to particulate guanylate cyclase, and subse- 
quently increasing cyclic guanylate monophosphate.? 
We therefore obtained venous blood samples for cyclic 
guanylate monophosphate, analyzed by radioimmuno- 
assay, to assess the effector response to ANF secretion. 

Statistical analysis: Hemodynamic and ANF values 
at rest were compared with values at peak exercise us- 
ing a 2-tailed paired ¢ test with differences considered 
statistically significant at p < 0.05. Venous and right 
ventricular ANF exercise responses were simultaneous- 
ly compared by 2-way analysis of variance. Correlation 
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TABLE I Characteristics of the Ergometric Exercise Response 
in Hypertensive Patients (n = 7) 


Rest Peak Exercise 


Oxygen consumption (ml/min) 290 + 31 $ 
22a t 2IL? 
0.77+0.04 * 
4.95 + 0.49 * 


*Level of significance for differences, < 0.001. 


1,760 + 554 

1,974 + 541 
1.14 + 0.10 
9.30: £ 2.2 


Carbon dioxide production (ml/min) 
Respiratory exchange ratio 
Arterial-venous oxygen difference 


between hormonal parameters and hemodynamic char- 
acteristics were assessed by linear regression analysis. 
All values were expressed as mean + | standard devi- 
ation. 


RESULTS 

Clinical and hemodynamic response to exercise: 
The duration of exercise performed by the patients in 
the present study was 12.4 + 2 minutes (range 9 to 15 
minutes), with a work load of 104 + 17 W (range 75 
to 150). Characteristics of the exercise gas exchange 
are outlined in Table I. All patients tolerated the exer- 
cise without immediate or long-term adverse effects. 

The hemodynamic and catecholamine responses to 
exercise are summarized in Table II. Heart rate in- 
creased from 77 + 24 to 156 + 20 beats/min (0.001). 
Mean arterial pressure increased from 150 + 26 to 192 





ANF 


p < 0.02 l 


Rest Exercise 


cGMP 


Exercise 





Rest 


FIGURE 1. Atrial natriuretic factor (ANF) and cyclic guanylate 
monophosphate (cGMP) values, as obtained under resting and 
peak exercise conditions. 





Heart rate (beats/min) 

Brachial artery pressure (mm Hg) 
Systolic 
Diastolic 
Mean 


77 + 24 156 + 20 
219 + 45 
119+ 18 
150 + 26 


323 + 54 


Central circulatory pressures (mm Hg) 


Right atrial 

Mean pulmonary artery 

Pulmonary capillary wedge 
Stroke volume index (mi/m2) 33 +7 
Cardiac index (L/min/m2) 2.42 + 0.29 
Vascular resistance (dynes « s/cm5) 

Systemic 2,384 + 581 

Pulmonary 197 + 69 110 + 26 
Plasma norepinephrine (pg/ml) 528 + 367 1,511 + 865 


Level of significance for differences: *<<0.001; t <0.05; +<0.01. 
NS = not significant. 


5+ 4 
19+4 
135 


1,128 + 502 





+ 29 mm Hg (p <0.001). This was accompanied by a 
significant increase of both systolic and diastolic arterial 
pressure. Exercise-induced increases in mean pulmo- 
nary artery and pulmonary wedge pressures were sig- 
nificant. The significant increase in stroke volume and 
cardiac indexes was accompanied by a significant re- 
duction in systemic vascular and pulmonary vascular 
resistances during exercise. Plasma norepinephrine in- 
creased from 528 + 367 to 1,511 + 865 pg/ml (p 
<0.001). 

Characteristics of atrial natriuretic factor response 
to exercise: Peripheral venous ANF levels are shown in 
Figure 1. With exercise, ANF increased from 11.7 + 







A Plasma ANF (fmol/ml) 









0 5 10 15 20 25 30 35 


A Pulmonary Wedge Pressure (mmHg) 








FIGURE 2. Change in atrial natriuretic factor (ANF) as a func- 
tion of change in pulmonary wedge pressure in response to 
exercise. ns = not significant. 
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8.2 to 25.7 + 15.9 fmol/ml (p <0.02). Plasma cyclic 
guanylate monophosphate increased from 5.6 + 2.6 to 
10.3 + 6.5 pg/ml (p = 0.07). There was no correlation 
of ANF with right atrial pressure at rest or a signifi- 
cant relation between the change in right atrial pressure 
and that in ANF secretion with exercise. Figure 2 dem- 
onstrates the relation between the changes in ANF and 
pulmonary wedge pressure during peak exercise. Over- 
all, there was a weak relation between these parameters 
(r = 0.497); however, this did not achieve statistical sig- 
nificance. The relation of exercise responses to sympa- 
thetic stimulation during exercise are shown in Figure 
3. The inverse relation between the change in plasma 
norepinephrine and the response of pulmonary wedge 
pressure was statistically significant (Figure 3, left; 
r = —0.811; p <0.02). Thus, patients with the largest 
increase in norepinephrine during exercise had the 
smallest increase in pulmonary wedge pressure. Con- 
versely, patients with the smallest increase in plasma 
norepinephrine during exercise had the greatest in- 
crease in pulmonary wedge pressure. A similar inverse 
relation was observed between the change in plasma 
norepinephrine and the response of ANF with exercise 
(Figure 3, right; r = —0.869, p <0.05). Patients with 
the largest increase in sympathetic activity had the 
smallest increase in plasma ANF. Patients who had a 
minimal increase in plasma norepinephrine with exer- 
cise had the greatest increase in ANF secretion during 
exercise. There was no significant correlation of ANF 
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with other hemodynamic parameters, or a change in 
ANF and other hemodynamic parameters during exer- 
cise. 

Assessment of atrial natriuretic factor secretion 
during exercise: Figure 4 demonstrates the response of 
simultaneously acquired peripheral and right ventricu- 
lar plasma ANF during exercise. Baseline values at rest 
revealed only small differences between peripheral ve- 
nous (9 + 8 fmol/ml) and right ventricular (12 + 10 
fmol/ml) ANF (p = 0.07). However, during exercise 
both peripheral and right ventricular ANF increased to 
18 + 11 and 41 + 26 fmol/ml, respectively (both p 
<0.05). The mean exercise right ventricular ANF was 
41 + 26 fmol/ml, statistically greater than the periph- 
eral ANF concentration of 18 + 11 fmol/ml during 
exercise (p <0.05). The exercise-induced increase in 
ANF was more notable because of the nearly threefold 
increase in cardiac index during exercise. The resultant 
cardiac secretory rate of ANF increased from 0.15 + 
0.14 to 3.57 + 2.61 fmol/min X 105 (p <0.05) (Fig- 
ure 5). 


DISCUSSION 

This study used invasive hemodynamics to further 
evaluate the magnitude and mechanisms of ANF se- 
cretion during maximal exercise in patients with un- 
treated essential hypertension, demonstrating a dou- 
bling of circulating ANF. The increase in right ventric- 
ular ANF levels during exercise and the increase in 


A Plasma ANF (fmol/ml) 
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factor 


FIGURE 3. Left, an inverse relation was observed between norepinephrine and pulmonary wedge pressure in response to exer- 
norepinephrine and atrial natriuretic 


cise. Right, similarly, an inverse relation was observed between change in plasma 


(ANF) in response to exercise. 
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cardiac secretory rate were consistent with increased 
myocardial secretion during exercise. These data sup- 
port previous noninvasive studies that demonstrated an 
increase in ANF levels during exercise in patients with 
essential hypertension.>? The relevance of this study de- 
sign is based on the previous demonstration in untreat- 
ed hypertensive patients, that the increase in cardiac 
filling pressures during exercise is variable, and cannot 
be predicted from baseline values.'*!4 Therefore, the 
variable increase of cardiac filling pressures during ex- 
ercise permits assessment of atrial tension influences on 
ANF secretion. A relation between plasma ANF levels 
and cardiac filling pressures at rest has been reported in 
studies of normal subjects and in patients with cardio- 
vascular disease.!®-!9 The closeness of fit of this rela- 
tion, however, is quite variable, because changes in atri- 
al volume can influence atrial tension by the LaPlace 
relation, and are not necessarily reflected in the pres- 
sure of the corresponding atrium.” Although we ob- 
served a general trend toward increased ANF levels in 
response to increased pulmonary wedge pressure during 
exercise, this association did not achieve statistical sig- 
nificance and was associated with a low coefficient of 
determination (r? = 0.25). Despite the general correla- 
tion of atrial pressures with ANF levels, ANF exercise 
response may be subject to additional factors. 

It has been postulated that sympathetic stimulation 
and changes in efferent sympathetic nerve traffic may 
modulate ANF secretion in hypertensive patients,'! and 
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FIGURE 4. Five of 7 patients had simultaneously acquired pe- 
ripheral venous and right ventricular plasma atrial natriuretic 

factor (ANF) samples during resting and peak exercise (Exer.) 
amie bites rece suka T alee! incomplete right ven- 
tricular sampling occurred due to technical limitations. RV = 
right ventricle; x + SEM = mean + standard error of the mean 
(see text). 


furthermore, an increase in sympathetic nerve traffic 
accompanies adaptation of the circulation to exercise. 
In the current study, the absolute response of plasma 
norepinephrine during exercise varied among patients, 
and was inversely related to pulmonary wedge pressure 
and ANF secretion. Thus, the greatest increase in 
ANF during exercise occurred in patients with the 
smallest increase in norepinephrine. The mechanism of 
this response is not clear, but may be related to the 
magnitude of the inotropic response to exercise. This 
effect was demonstrated in endurance runners,!° in 
whom exercise ANF increase after conditioning was of 
a lesser magnitude than the exercise ANF when train- 
ing was discontinued. Patients with a less vigorous ino- 
tropic response to exercise would therefore be more 
prone to increased atrial tension, increased pulmonary 
wedge pressure and ANF secretion. In studies in which 
left ventricular ejection fraction and ANF were simul- 
taneously measured during exercise, the increase of 
ANF with exercise was inversely related to the exercise 
ejection fraction.*! This concept is further supported by 
the response of ANF to reduction of contractile reserve 
by administration of a 8 blockade,?*-*4 which produces 
a significant augmentation of ANF levels during exer- 
cise. This augmentation of ANF occurs despite reduc- 
tion in exercise heart rate,?>? and is believed to repre- 
sent decreased contractility and increased atrial ten- 
sion,22 consistent with the current study. 

In the current study, active cardiac secretion of 
ANF is demonstrated by the observation that right 
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FIGURE 5. The relative cardiac secretory rate of atrial natri- 
uretic factor is expressed for patients with simultaneous pe- 

ripheral venous and right ventricular atrial natriuretic factor 

samples. The rationale for the relative secretory rate is stated 
in the Methods section. 
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ventricular levels and cardiac secretory rate of ANF 
increased during exercise. This is in contrast to basal 
ANF secretion which is low, and cannot be further de- 
creased by maneuvers that decrease atrial tension.° 
Earlier studies demonstrated that the highest concen- 
trations of ANF in the circulation are observed in the 
venous effluent of the coronary sinus.*° Because it is 
difficult to directly cannulate the coronary sinus for se- 
quential blood sampling during exercise, an alternate 
approach is blood sampling from the right ventricle, 
which represents the first cardiac chamber in which the 
greatest contribution of myocardial ANF secretion can 
be assessed. We have previously demonstrated a signifi- 
cant step-up of plasma ANF at the level of the right 
ventricle.'® Thus, the increase in right ventricular ANF 
observed in the present study during exercise is consis- 
tent with active cardiac secretion rather than decreased 
elimination. The increase in cardiac secretory rate fur- 
ther supports the hypothesis that active myocardial se- 
cretion of ANF occurs during exercise and markedly 
increases the circulatory concentration of ANF. 

If the primary role of ANF is to stimulate natriure- 
sis and diuresis, one would then have to ask, what phys- 
iologic and pathophysiologic conditions would be ad- 
dressed by the secretion of a natriuretic hormone dur- 
ing exercise? In fact, exercise induces an antinatriuretic 
renal response.?’ Although a major effect of ANF is its 
natriuretic properties, other major effects include vaso- 
dilation and hemoconcentration,?+ and both effects 
are observed during exercise as important autoregula- 
tory phenomena.’78:?? Vasodilation would obviously in- 
crease overall cardiac output and blood flow to exercis- 
ing muscle. The increase in cyclic guanylate monophos- 
phate in our study is evidence for this target organ 
vasodilating response. The hemoconcentrating effect of 
ANF is achieved by altering Starling forces at the vas- 
cular level, providing fluid sequestration. During exer- 
cise, this would permit rapid reduction of circulatory 
fluid as a means to minimize circulatory congestion. An 
example of this circulatory compensation is provided by 
newer insights gained at high altitude. ANF production 
may be decreased at high altitudes; furthermore, low- 
altitude ANF inversely correlated with subsequent high 
altitude mountain sickness score? Thus pulmonary 
congestion during exercise at high altitudes parallels in- 
adequate ANF production. Therefore, in hypertension, 
we hypothesize that increased ANF secretion permits 
circulatory adaptation to increased pulmonary pres- 
sure,!*:!4 thereby averting pulmonary congestion during 
eXercise. 
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Nonhemodynamic Factors on Left Ventricular 


Hypertrophy in Moderate Essential Hypertension 
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In a group of 36 untreated patients with mild to 


moderate essential hypertension (office systolic 
and diastolic blood pressures (BPs) 160 + 3.4 
and 102 + 1.5 mm Hg, respectively), a 24-hour 
ambulatory BP monitoring and determination of 
left ventricular (LV) mass index according to the 
formula of Devereux were performed. After an 
overnight fast, blood samples were taken for the 
determination of serum aldosterone, plasma re- 
nin activity and serum parathyroid hormone. Uri- 
nary catecholamines were sampled for 24 hours. 
LV mass index (143.7 + 8 g/m?) did not corre- 
late significantly either with office systolic or 
diastolic BP. The correlation of LV mass index 
with mean 24-hour systolic BP (145 + 3 mm Hg) 
was statistically significant: r = 0.395, 
p = 0.026. However, the best correlation was 
obtained with mean 24-hour diastolic BP (90 + 
3 mm Hg) with r = 0.500 (p = 0.004). Urinary 
catecholamines were not correlated with LV 
mass index. LV mass index correlated signifi- 
cantly with plasma renin activity (r = 0.346, 
p = 0.050), and aldosterone (r = 0.559, 
p = 0.001). There was a very significant correla- 
tion between LV mass index and parathyroid 
hormone (r = 0.719, p = 0.00001) even after ad- 
justment for mean 24-hour systolic and diastolic 
BPs. These results clearly demonstrate that am- 
bulatory BP determinants but not office BP pa- 
rameters are well correlated with LV hypertro- 
phy in essential hypertension. Nonhemodynamic 
factors are important determinants of LV mass 
as well. Besides the renin-angiotensin-aldoste- 
rone system, parathyroid hormone appears to 
play an important role in cardiac hypertrophy. 
(Am J Cardiol 1991;68:925-929) 
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finding in chronic systemic arterial hyperten- 

sion. !? It is still a dilemma whether LV hyper- 
trophy is a secondary end-organ consequence of long- 
term elevations in arterial blood pressure (BP) or, alter- 
natively, a manifestation of nonhemodynamic factors 
on myocardium.? There is evidence that ambulatory 
BP values are more predictive for organ damage.*® 
However, this still needs further confirmation. 

It is assumed that cardiac hypertrophy in essential 
hypertension develops as a result of the increased wall 
tension in an attempt to maintain wall stress within 
normal limits. However, discrepancies between the 
level of arterial pressure and the degree of LV hyper- 
trophy have repeatedly been shown in hypertensive sub- 
jects.’-!° Factors other than arterial BP may also be 
involved in the induction of cardiac hypertrophy.’:!° An 
enhanced parathyroid function has been noted in a sub- 
group of hypertensive patients.!! Grobbee et al!? docu- 
mented a direct relation between parathyroid hormone 
and arterial BP. Primary hyperparathyroidism is fre- 
quently complicated with hypertension and LV hyper- 
trophy. Hypercalcemia with normal parathyroid hor- 
mone levels is not associated with LV hypertrophy.!? 
Guided by these observations, we tested the hypothesis 
of an association between parathyroid hormone and 
cardiac hypertrophy in mild to moderate hypertension 
with normal levels of calcemia and parathyroid hor- 
mone. 


E eft ventricular (LV) hypertrophy is a frequent 


METHODS 

Patients: During a 6-month period, a total number 
of 36 caucasian patients (22 men, 14 women) (mean 
age 45 + 2 years) were included in the study. They 
were all referred to our hypertension clinic for hyper- 
tension. Hypertensive patients were diagnosed as hav- 
ing arterial hypertension on the basis of an office arteri- 
al BP >140/90 mm Hg measured on 3 separate ex- 
aminations during a period of 6 months.'* History, 
physical examination or laboratory data did not provide 
evidence of secondary forms of hypertensive disease in 
any patient. In all patients essential hypertension had 
been diagnosed during the last 6 months before inclu- 
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TABLE | Correlations Between Blood Pressure Parameters, Left Ventricular Mass Index and Hormone Levels 


Blood Pressure Indexes 


Office SBP (mm Hg) 
Office DBP (mm Hg) 
Mean (24-hour) SBP (mm Hg) 


Mean (24-hour) DBP (mm Hg) 


*p <0.05; tcorrelation coefficient; probability. 


ALD = aldosterone; DBP = diastolic blood pressure; LVMI = left ventricular mass index; PRA = plasma renin activity; PTH = parathyroid hormone; SBP = systolic blood pressure; 


U-ADR = 24-hour urinary adrenaline; U-NOR = 24-hour urinary noradrenaline. 


sion. No antihypertensive drugs had been taken for 
the last 4 weeks and diuretics were discontinued 22 
months before the examinations. Concomitant cardio- 
vascular diseases (e.g., disproportionate septal thick- 
ness), other than arterial hypertension and other chron- 
ic diseases such as diabetes mellitus, liver disease and 
renal disease were exclusion criteria as well. All patients 
had given oral informed consent to participate in this 
study. 

Arterial blood pressure: On the day of the experi- 
ments, arterial BP was measured 3 times with a mercu- 
ry sphygmomanometer at the brachial artery in sitting 
position with a 2-minute interval between each consec- 
utive measurement. The 3 values were then averaged 
and the means of systolic and diastolic BPs were con- 
sidered as office systolic and diastolic BPs. The next 
day an ambulatory BP recording was performed out- 
side the hospital during 24 hours with an oscillometric 
device (Spacelabs model 90207, Spacelabs SARL, Par- 
is, France). The patients performed their normal regu- 
lar daily activities. Ambulatory BP was recorded at 
each 30-minute interval. Mean systolic (ambulatory) 


Parathyroid hormone (pg/ml) 
© 


N 
O 


50 


100 
Mean 24-hour diastolic blood pressure (mmHg) 








and mean diastolic (ambulatory) BPs were then calcu- 
lated. 

Echocardiography: The echocardiographic exami- 
nation was performed with the Vingmed CFM 750 
(Horten, Norway) using. a phased-array 3.0 MHz 
transducer. In the parasternal long-axis view, according 
to the criteria of the American Society of Echocardiog- 
raphy,! septal and posterior wall thicknesses and LV 
internal diameter at end-diastole were measured. LV 
mass with correction for body surface area (LV mass 
index) was then calculated according to the formula of 
Devereux.!® Technical inadequate echocardiograms led 
to exclusion of the patient. 

Hormones: Blood samples were taken at 8:30 A.M. at 
the day of the echocardiographic examination and 24- 
hour ambulatory BP monitoring at the brachial vein 
after a night fasting and with the patient in the supine 
position for 30 minutes. The following hormones were 
assayed: Intact parathyroid hormone (1-84) was deter- 
mined with a commercially available immunoradio- 
metric assay (Allegro Intact PTH Immunoassay) from 
Nichols Institute Diagnostics (San Juan Capistrano, 


FIGURE 1. Correlation 
between mean 24-hour 
ambulatory diastolic 
blood pressure and para- 
thyroid hormone in mild 
to moderate essential hy- 
pertension. 
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TABLE Il Correlation Between Left Ventricular Mass Index and Hormones 





Parameters Reference Values 


10—55 pg/ml 
2—5 ng/ml/hour 
1—20 ng/dl 
<20 pg/24 hours 
< 100 ug/24 hours 


Parathyroid hormone 
Plasma renin activity 


Aldosterone 


24-hour urinary adrenaline 


24-hour urinary noradrenaline 


Mean + SEM 





Correlation (r) 
with LVMI 


28.1 + 2.5 pg/ml 


2.3 + 0.2 ng/ml/hour 


20.2 + 2.3 ng/dl 
10.7 + 1.2 pg/24 hours 
44.9 + 4.1 ug/24 hours 


LVMI = left ventricular mass index; SEM = standard error of the mean. 


California). Plasma renin activity was measured using 
a commercial radioimmunoassay of Pharmacia Diag- 
nostica (Phadebas Angiotensin I test). Aldosterone was 
assayed by a commercial radioimmunoassay from Ra- 
dim (Pomezia, Rome). Creatinine and total serum cal- 
cium were determined from the blood samples as well. 
On the same day, patients collected their urine for 24 
hours. Concentrations of adrenaline and noradrenaline 
in 24-hour urine collections were measured by a high- 
performance liquid chromatography method according 
to Moerman and de Schaepdrijver.!7 

Statistical analysis: All study parameters are ex- 
pressed as mean + standard error of the mean. BP 
parameters, hormone levels, LV mass index, age and 
creatinine were intercorrelated by the Spearman rank 
test. Further relations between the study parameters 
were evaluated by linear regression analysis and regres- 
sion lines were compared by analysis of variance. A p 
value <0.05 was considered significant. Mutual effects 
of LV mass index, BP parameters and hormone levels 
are expressed by partial regression analysis. 


A 
© 


rmone (pg/ml) 


© 
<= 
= 
eo 
— 
= 
< 
met 
cs 
— 
cS 
= 


50 100 


RESULTS 

Blood pressure determinants: Table I summarizes 
the correlations between BP parameters, LV mass in- 
dex and hormone levels. Mean office systolic and dia- 
stolic BPs were 160 + 3.4 and 102 + 1.5 mm Hg, 
respectively. In the patient group, mean ambulatory 
systolic and diastolic BPs were 145 + 3 and 90 + 3 
mm Hg, respectively. Mean LV mass index was 143.7 
+ 8.0 g/m’. There was no significant correlation be- 
tween office systolic and diastolic BPs and LV mass 
index. However, when 24-hour BP was correlated with 
LV mass index, there was a significant correlation be- 
tween mean ambulatory systolic BP and LV mass in- 
dex (r = 0.395, p = 0.026) and between mean ambu- 
latory diastolic BP and LV mass index (r = 0.499, 
p = 0.004). No significant correlations could be found 
among office systolic and diastolic BPs and parathyroid 
hormone (28.1 + 2.5 pg/ml, normal range 10 to 55 
pg/ml), plasma renin activity (2.3 + 0.2 ng/ml/hour, 
normal range 2 to 5 ng/ml/hour), aldosterone (20.2 + 
2.3 mg/dl, normal range | to 20 mg/dl), urinary 


150 


Left ventricular mass index (g/m2) 





FIGURE 2. Correlation between left ventricular mass index and parathyroid hormone in mild to moderate essential hypertension. 
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TABLE Ili Partial Correlation Analysis Between Left Ventricular 
Mass Index, Hormones and Blood Pressure Parameters 


Partial Correlation Coefficients 
After Correction for 


Mean 24-Hour 
SBP 


Mean 24-Hour 
DBP 


0.496 

p = 0.005 
0.719 

p = 0.00001 


0.514 

p = 0.004 
0.692 

p = 0.00003 


DBP = diastolic blood pressure; LVMI = left ventricular mass index; PTH = 
parathyroid hormone; SBP = systolic blood pressure. 


0.559 

p = 0.0009 
0.759 

p = 0.00001 


LVMI-aldosterone 


LVMI-PTH 


adrenaline (10.7 + 1.2 wg/24 hours, normal range 
<20 ug/24 hours) and urinary noradrenaline (44.9 + 
4.1 ug/24 hours, normal range <100 ug/24 hours). 
There was a significant correlation between mean am- 
bulatory diastolic BP and parathyroid hormone (r = 
0.427, p = 0.020) (Figure 1). 

Left ventricular mass index: Table II summarizes 
the correlations between LV mass index and hormones. 
There was no correlation between LV mass index and 
urinary catecholamines. A weak significant correlation 
was found between LV mass index and plasma renin 
activity (r = 0.346, p = 0.05). A more important corre- 
lation was found between LV mass index and aldoste- 
rone (r = 0.559, p = 0.0009). The strongest correlation, 
however, was found between LV mass index and para- 
thyroid hormone (r = 0.759, p = 0.00001) (Figure 2). 
No patient had a parathyroid hormone level exceeding 
the normal value. No patient had renal failure, as 
assessed by creatinine and none had hypercalcemia. 
There was no correlation between parathyroid hormone 
and calcium and between calcium and LV mass index. 
There was also no correlation between parathyroid hor- 
mone and age and between parathyroid hormone and 
renal function. After adjustment for ambulatory BP 
indexes, the correlation between parathyroid hor- 
mone and LV mass index remained highly significant: 
r = 0.719, p = 0.00001 after adjustment for mean am- 
bulatory systolic BP; and r = 0.692, p = 0.00003 after 
adjustment for mean ambulatory diastolic BP (Table 
III). 


DISCUSSION 

The most important finding in this study is the rela- 
tion of parathyroid hormone with mean 24-hour dia- 
stolic BP and especially with LV mass. The strong cor- 
relation between parathyroid hormone and LV mass 
holds even after adjustment for BP, age and renal func- 
tion. Correlations between mean 24-hour BP and para- 
thyroid hormone were less significant. It cannot be ex- 
cluded that even 24-hour BP monitoring may be insuf- 
ficient to obtain a correct value for mean BP, and that 
48-hour BP monitoring should be a bare minimum. 





It is now clear that the action of parathyroid hor- 
mone is not limited to a hypercalcemic effect. In the 
dog and rat model intravenous injection of parathyroid 
hormone has a hypotensive effect, resulting from a di- 
rect vascular relaxation and not from decreased cardiac 
output.!8 Thus, the main argument against a role for 
parathyroid hormone in hypertension comes from these 
observations. However, the positive association between 
hyperparathyroidism and hypertension suggests an op- 
posite effect on the vasculature.'? Moreover, Pang et 
al!? introduced a hypertensive factor from the parathy- 
roid glands in origin, which could stimulate calcium up- 
take in vascular tissue. Parathyroid hormone has also a 
chronotropic effect and increases heart tissue calcium 
concentration.2? Any factor that promotes transmem- 
brane calcium flux can be involved in cardiac hypertro- 
phy.?! 

Our findings agree partially with those of Symons et 
al,!3 who associated myocardial hypertrophy primarily 
with parathyroid hormone and not with extracellular 
calcium concentration. Parathyroid hormone levels in 
his study were significantly increased. The correlations 
of plasma renin activity and aldosterone with LV mass 
suggest an influence of angiotensin II on the cardio- 
myocyte.?”-73 In our study the correlation between renin 
and LV mass only approached significance. Urinary 
catecholamine concentrations were correlated neither 
with BP nor with LV mass. Several studies in humans 
and animals indicate that catecholamines or the sympa- 
thetic nervous system may be involved in the genesis of 
cardiac hypertrophy, but are not essential for its expres- 
sion.*4 Unrepeated 24-hour urine collections may be in- 
sufficient to reveal this correlation. 

In conclusion, in untreated patients with mild to 
moderate essential hypertension, our study gives some 
evidence for a relation between LV mass and parathy- 
roid hormone. Further studies of larger populations are 
needed to confirm this finding and to unravel the ques- 
tion of whether parathyroid hormone acts directly on 
the cardiomyocyte or if we are only dealing with an 
epiphenomenon. 
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VALVULAR HEART DISEASE 


Effectiveness of Percutaneous Balloon Mitral 
Valvotomy During Pregnancy 


Cesar A. Esteves, MD, Auristela |. O. Ramos, MD, Sergio L. N. Braga, MD, 
J. Kevin Harrison, MD, and J. Eduardo M. R. Sousa, MD 


During pregnancy, medically refractory conges- 
tive heart failure due to mitral stenosis continues 
to present a clinical challenge and optimal man- 
agement remains controversial. Thirteen women 
underwent balloon mitral valvotomy for control 
of functional class Ill or IV congestive heart fail- 
ure due to mitral stenosis during pregnancy. The 
mean gestational age at the time of valvotomy 
was 25 + 6 weeks. Percutaneous balloon mitral 
valvotomy was performed successfully in all pa- 
tients. No maternal or fetal mortality occurred. 
The mean mitral valve area assessed by Doppler 
echocardiography increased from 0.9 + 0.3 cm? 
before to 2.1 + 0.3 cm? after valvotomy. The 
mean mitral valve gradient decreased from 20 + 
7 to 4 + 2 mm Hg. This was associated with a 
decrease in the pulmonary artery systolic pres- 
sure from 62 + 24 to 32 + 14 mm Hg. Current- 
ly, 12 of the 13 patients have delivered at an av- 
erage gestational age of 38 + 0.5 weeks. Symp- 
toms of congestive heart failure improved in all 
women and all were in New York Heart Associa- 
tion functional class | at the time of delivery. One 
patient is still pregnant and symptom free. Elev- 
en singlet pregnancies resulted in the birth of 
full-term, healthy infants (mean birth weight 3.2 
kg). The woman carrying a twin pregnancy im- 
proved from New York Heart Association class 
IV to class I after balloon mitral valvotomy but 
delivered prematurely at 32 weeks. The prema- 
ture twin infants weighed 1.0 and 1.5 kg and 
died from respiratory failure at 48 hours. 
Percutaneous balloon mitral valvotomy can be 
performed safely during pregnancy and is effec- 
tive in relieving symptoms of severe congestive 
heart failure. Balloon mitral valvotomy offers an 
effective alternative for the pregnant patient 
with severe mitral stenosis when congestive 
heart failure is not controlled by conventional 
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medical treatment. The risk to the fetus appears 
lower than previous reports of surgical commis- 


surotomy performed during pregnancy. 
(Am J Cardiol 1991;68:930-934) 


heumatic mitral valve stenosis is the most com- 
R mon form of organic heart disease encountered 

during pregnancy, and continues to cause ma- 
ternal and fetal mortality. The optimal management 
of women with medically refractory congestive heart 
failure due to mitral stenosis remains controversial. 
Surgical treatment has been required when medical 
treatment fails to control symptoms of congestive heart 
failure in pregnant women with severe mitral stenosis. 
Closed or open surgical commissurotomy, however, car- 
ries a significant risk of fetal death.4-!! 

Balloon mitral valvotomy has been shown to result 
in excellent immediate hemodynamic improvement in 
selected patients with mitral stenosis.!2-!4 Case reports 
suggest that percutaneous balloon mitral valvotomy 
may offer effective treatment for severe mitral stenosis 
during pregnancy, with less risk of fetal death than sur- 
gical commissurotomy.!>:!© However, the data on bal- 
loon mitral valvotomy performed during pregnancy are 
limited.!’ The purpose of this study was to prospective- 
ly examine the hemodynamic results and clinical out- 
come of pregnant women undergoing percutaneous bal- 
loon mitral valvotomy for treatment of New York 
Heart Association class III or IV congestive heart fail- 
ure secondary to severe mitral stenosis. 





METHODS 

Patient group (Table I): Between August 1989 and 
July 1990, a consecutive series of 13 pregnant women 
(Mean age 26 + 7 years [range 16 to 45]) underwent 
percutaneous balloon mitral valvotomy for treatment of 
rheumatic mitral stenosis at the Dante Pazzanese Insti- 
tute of Cardiology. Six patients had class IV and 7 had 
New York Heart Association functional class III symp- 
toms of congestive heart failure not controlled by bed- 
rest, diuretics and 8 blockers. All were in sinus rhythm. 
Twelve patients had single pregnancies and 1 patient 
was carrying twins. During this time interval, no preg- 
nant patients underwent mitral valve surgery. 


930 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 1, 1991 


TABLE I Hemodynamic and Doppler Results of Balloon Mitral Valvotomy 


MVA (cm2) MMVG (mm Hg) 


Mean + SD 


(p <0.00001) (p <0.0005) 


PASP (mm Hg) MR 


Before 


af 


4 
8 
2 
5 
5 
2 
1 
4 + 
3 
3 
1 
4 
9 
4 


I+ 
N 


(p <0.001) 


BMV = balloon mitral valvotomy; MMVG = mean mitral valve gradient at catheterization; MR = mitral regurgitation by Doppler color flow echocardiography; MVA = mitral valve area 
by Doppler echocardiography; PASP = pulmonary artery systolic pressure at catheterization; SD = standard deviation. 


The severity of mitral stenosis and the morphology 
of the mitral valve was assessed before valvotomy using 
2-dimensional and color flow Doppler echocardiogra- 
phy. The echocardiographic mitral valve morphology 
score was <8 in all patients.!8 Three patients had 1+ 
mitral regurgitation assessed by Doppler echocardiog- 
raphy before valvotomy, and 10 had no detectable mi- 
tral regurgitation. No patient had evidence of left atrial 
thrombus by 2-dimensional transthoracic echocardiog- 
raphy. 

The mean gestational age at the time of valvotomy, 
assessed by fetal ultrasound, was 25 + 6 weeks (range 
16 to 34). 

Balloon mitral valvotomy procedure: [n an attempt 
to inhibit uterine contractility, patients received indo- 
methacin, 40 mg per rectum every 12 hours beginning 
2 days before the procedure. To limit fetal radiation 
exposure during the catheterization procedure, patients 
were wrapped circumferentially in a lead apron cover- 
ing the abdomen from the respiratory diaphragm to the 
symphysis pubis. The fetal heart rate and uterine con- 
tractions were recorded throughout the procedure and 
monitored by the patient’s obstetrician. 

Balloon mitral valvotomy was performed in a trans- 
venous anterograde fashion using the double balloon 
technique.'*-'4 Transeptal catheterization of the left 
atrium was performed using the Brockenbrough tech- 
nique. After catheterization of the left atrium, 5,000 U 
of intravenous heparin was given intravenously. Two 
guidewires (0.038 inches in diameter, 260 cm in length) 
were introduced across the atrial septum, into the left 
ventricle, using a double lumen sheath (Cook Bloo- 
mington, Indiana). A balloon-dilating catheter was ad- 
vanced over each guidewire until both balloons were 
positioned across the mitral valve anulus. The balloons 





were simultaneously hand inflated with a mixture of 
contrast and saline until the waist in the balloons was 
seen to disappear. Two 20-mm diameter balloons were 
used in each patient. Measurements of the mitral valve 
gradient, pulmonary arterial pressure and left atrial 
pressure were repeated after balloon valvotomy. Left 
ventriculography was avoided and fluoroscopy time was 
kept to a minimum during the procedures. 

Follow-up: Two-dimensional and Doppler color flow 
echocardiography was repeated 24 hours after balloon 
mitral valvotomy. Patients were evaluated monthly in 
follow-up by a cardiologist and an obstetrician. Infants 
were followed at monthly intervals by a pediatrician. 

Analysis: Statistical significance for continuous vari- 
ables was assessed by analysis of variance. 


RESULTS 

Acute hemodynamic results (Table I): Immediately 
after balloon mitral valvotomy there was a decrease in 
the mean mitral valve gradient from 20 + 6 to 4 + 2 
mm Hg (p <0.0005). This was associated with a de- 
crease in left atrial pressure from 20 + 9 to 9 + 5 mm 
Hg (p <0.00002) and a reduction in pulmonary artery 
systolic pressure from 62 + 24 to 32 + 14 mm Hg (p 
<0.001). 

Echocardiographic results: The mean Doppler mi- 
tral valve gradient decreased from 15 + 7 mm Hg be- 
fore to 4 + 3 mm Hg 24 hours after balloon mitral 
valvotomy (p = 0.0007). The mitral valve area, as- 
sessed by Doppler half-time, increased from 0.9 + 0.3 
cm? before to 2.1 + 0.3 cm? after valvotomy (p 
<0.00001 ). 

Valvotomy complications: Excessive blood loss from 
the femoral venous site, requiring transfusion, occurred 
in | patient. One patient developed first-degree atrio- 
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TABLE II Clinical Parameters and Outcome of Mothers and Children 


CHF (FC NYHA) 
Gest. Age 
(weeks)* 


Age (yr) Before BMV 


l 
2 
3 
4 
5 
6 
7 
8 
9 


Mean + SD 


*At the time of balloon mitral valvotomy. 
+Patient still pregnant. 


At Del. 


Birth 
Wt. (kg) 


Apgar Score 


Type of Del. (1/3 min) 


7.5 £:1.0/8:7 + 1:4 


BMV = balloon mitral valvotomy; CHF = congestive heart failure; CS = caesarean section; Del. = Delivery; FC = function class; Gest. Age = gestational age at time of valvotomy; 
NYHA = New York Heart Association; SD = standard deviation; SVD = spontaneous vaginal delivery; Wt. = weight. 


ventricular block which resolved 48 hours later. A small 
pericardial effusion was noted by echocardiography af- 
ter valvotomy in | patient. The patient did well and no 
intervention was required. 

Color flow Doppler echocardiography performed 24 
to 48 hours after valvotomy did not detect flow across 
the atrial septum in any patient. Mitral regurgitation, 
also evaluated by Doppler color flow echocardiography 
at this follow-up, increased from 0 to 1+ in 3 patients 
and was unchanged in the remaining 10 patients. 

Hospital outcome: No abortions occurred during 
balloon valvotomy. Transient maternal arterial hypo- 
tension occurred predictably during balloon inflation 
and was associated occasionally with a decrease in fetal 
heart rate from rates of 140 to about 120 beats/min. In 
all cases, maternal blood pressure and fetal heart rate 
returned to baseline within a few seconds of balloon 
deflation. 

All patients were discharged from the hospital with- 
in 2 days after the procedure. All women improved 
clinically and were in New York Heart Association 
functional class I at the time of delivery. 

Pregnancy outcome (Table I): Currently 12 of the 
13 patients have delivered at an average gestational age 
of 38 + 1 weeks. The 11 singlet pregnancies delivered 
thus far have resulted in 11 healthy infants, without 
evidence of congenital anomaly. Three women deliv- 
ered by spontaneous vaginal delivery and 8 underwent 
cesarean section for obstetrical reasons (5 cephalopelvic 
disproportion, 3 breech presentation). The mean birth 
weight of the infants was 3.2 kg (range 2.5 to 3.7). The 
mean Apgar score at | and 3 minutes was 7.7 and 
9.0, respectively. Pediatric follow-up has shown normal 
growth and development of these infants. 





The woman carrying twins improved from class IV 
to class I symptoms of congestive heart failure after 
balloon valvotomy. She continued to do well for the 
next 2 months but developed premature labor at 32 
weeks’ gestation. She delivered 2 infants weighing 1.0 
and 1.5 kg. Both infants developed respiratory distress 
and died at 48 hours. 

One woman is still pregnant and remains free of 
cardiac symptoms. 


DISCUSSION 

This study demonstrates that percutaneous balloon 
mitral valvotomy can be performed safely during preg- 
nancy, effectively relieving symptoms of severe conges- 
tive heart failure for the duration of the pregnancy. 
Balloon valvotomy performed during pregnancy pro- 
duced excellent acute hemodynamic improvement. 
This hemodynamic improvement was associated with 
marked clinical improvement during the remainder of 
the pregnancy. 

The excellent hemodynamic results achieved in this 
study may be related to the underlying valve pathology. 
The limiting pathology in these younger patients’ valves 
is probably commissural fusion. The valves are unlikely 
to be heavily calcified or to have severe subvalvular 
thickening (as suggested by the low echo score in this 
study). Thus, unless there is significant valvular regur- 
gitation, these valves may be quite amenable to balloon 
mitral valvotomy. 

Also, the dramatic immediate reduction in pulmo- 
nary artery systolic pressure in the women with pul- 
monary hypertension before balloon valvotomy is note- 
worthy (Table I). Whereas mitral stenosis may lead to 
fibrosis in the pulmonary arterioles and to permanent 
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pulmonary hypertension, the elevated pulmonary artery 
pressures are more likely to be reversible if the mitral 
valve pathology is corrected at an earlier age. The im- 
provement in pulmonary hypertension may help reduce 
the maternal peripartum risk. 

No fetal abortion occurred after the procedure. Al- 
though balloon inflation caused transient maternal hy- 
potension and transient decrease in fetal heart rate, 
these phenomena were well-tolerated and both parame- 
ters returned to baseline within a few seconds of balloon 
deflation. 

Pregnancy outcome: One of the goals of the im- 
proved hemodynamic and clinical status of the mother 
after balloon mitral valvotomy is to allow the pregnan- 
cy to proceed to term and thereby produce healthier 
infants at birth. This goal was achieved in the 11 singlet 
pregnancies delivered thus far. Although, clinically, the 
patient carrying the twin pregnancy was doing quite 
well, it is possible that the hemodynamic improvement 
may have been insufficient to allow continued normal 
growth and development of both fetuses. The prema- 
ture delivery in this case, however, may also have been 
related to the multiple gestation pregnancy itself. Twin 
pregnancy by itself is associated with a 12-fold higher 
incidence of premature labor and, thus, higher perinatal 
mortality than singlet pregnancies. !? 

Comparison with surgical commissurotomy: Surgi- 
cal commissurotomy of the mitral valve during preg- 
nancy was first performed in 1952.20.21 Since then, both 
open and closed commissurotomies have been per- 
formed for relief of mitral stenosis in pregnant women 
with severe congestive heart failure. Although open mi- 
tral commissurotomy has been performed with low risk 
to the mother, the attendant use of cardiopulmonary 
bypass and hypothermia has been associated with a 15 
to 33% incidence of fetal death.’ In addition, the long- 
term effects of cardiopulmonary bypass on the fetus are 
not known. 

Closed mitral commissurotomy carries a lower risk 
of fetal demise, although a 5 to 15% incidence of fetal 
abortion after surgery has been associated with this 
technique as well.4® In addition, surgical experience 
with closed commissurotomy has declined over the last 
few decades, because the technique has been largely 
replaced by open commissurotomy in most centers.22 

Balloon mitral valvotomy is a technically complex 
procedure and carries significant risk. Death occurred 
in 1% of the cases of the National Heart, Lung, and 
Blood Institute’s balloon valvuloplasty registry, usually 
as a result of perforation of the left ventricle with a 
guidewire.*> Therefore, this procedure should only be 
attempted in centers that have extensive experience 
with balloon mitral valvotomy. 


Radiation exposure: Balloon mitral valvotomy dur- 
ing pregnancy introduces the risk of fetal radiation ex- 
posure. Precautions to minimize the radiation exposure 
should be taken. The gravid uterus should be shielded 
from direct radiation with a lead barrier wrapped 
around the mother’s abdomen. Fluoroscopic time 
should be minimized and cineangiography avoided to 
keep scattered radiation to a minimum. Although the 
radiation exposure was not routinely measured in this 
study, a radiation badge, placed under the lead apron 
on the abdomen of 1 pregnant woman undergoing bal- 
loon valvotomy, registered only 10 mrem. Animal and 
human data suggest that no increase in the incidence of 
congenital malformation or abortion occurs with fetal 
radiation exposure <5 rads.*4> Thus, with proper pre- 
cautions the radiation exposure to the fetus can be kept 
quite small. The risk of even this small amount of radi- 
ation to the fetus, however, must be considered un- 
known, and long-term follow-up of these children is 
needed. 


Acknowledgment: We are grateful to Debbie Riley 
and Jennifer Halloran for their help in the preparation 
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Effects of Long-Term Vasodilator Therapy on 
Electrocardiographic Abnormalities in 
Chronic Aortic Regurgitation 
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Electrocardiographic abnormalities develop in 
patients with chronic aortic regurgitation (AR). 
Although vasodilator drugs may reduce left ven- 
tricular (LV) volume overload, the effects of such 
therapy on electrocardiographic abnormalities 
have not been previously evaluated. Accordingly, 
electrocardiograms were analyzed before and af- 
ter double-blind, randomized administration of 
either hydralazine or placebo in 54 patients with 
chronic AR. These patients were without limiting 
symptoms and had preserved ejection fraction on 
entry in the study. The magnitude of ST-segment 
depression and Romhilt-Estes point score for LV 
hypertrophy were assessed. 

Baseline ST depression and LV hypertrophy 
scores in the placebo and hydralazine groups 
were not significantly different. At follow-up, af- 
ter a mean of 19 + 6 months, there was a signif- 
icant reduction in ST depression in patients tak- 
ing hydralazine (n = 28) compared with patients 
given placebo (n = 26): —0.023 + 0.044 vs 
0.029 + 0.055 mV, respectively (p = 0.0001); 
and in the LV hypertrophy score (—1.1 + 2.2 vs 
0.9 + 2.3 points, respectively; p = 0.002). Hy- 
dralazine-treated patients also had significant 
decreases in LV end-diastolic and end-systolic 
volume indexes, and a significant increase in 
ejection fraction. These results suggest that such 
vasodilator therapy may be beneficial in patients 
with chronic AR. 

(Am J Cardiol 1991;68:935-939) 
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association with left ventricular (LV) volume 
overload in patients with chronic aortic regurgi- 
tation (AR).!-6 Increased voltage has been associated 
with disease severity, development of symptoms,’ sur- 
vival” and operative outcome,?!! whereas the pres- 
ence of repolarization abnormalities has been correlated 
with abnormal LV performance.!? Furthermore, re- 
gression of these electrocardiographic abnormalities has 
been noted in some patients after successful aortic valve 
replacement. 13-14 
Previous studies have shown that vasodilator drugs 
acutely reduce regurgitant flow and improve cardiac 
performance in AR.!>-*! Recently, we demonstrated 
that long-term vasodilator therapy is associated with a 
reduction in LV volumes and an increase in ejection 
fraction in patients with chronic AR.?2:23 However, the 
effects of such therapy on electrocardiographic changes 
have not been previously evaluated. The present study 
was undertaken to determine whether chronic vasodila- 
tor therapy with oral hydralazine affects electrocardio- 
graphic abnormalities in patients with chronic AR. 


E lectrocardiographic abnormalities develop in 


METHODS 

Eighty patients with chronic isolated AR were en- 
rolled in a clinical trial designed to examine the effects 
of long-term vasodilator therapy on LV volumes and 
function. The trial was conducted as a prospective, ran- 
domized, double-blind, placebo-controlled protocol at 2 
centers. A more complete description of this study has 
been previously reported.?? The study protocol was 
reviewed and approved by the Institutional Review 
Boards at the 2 participating institutions, and all pa- 
tients gave informed consent before their inclusion in 
the trial. 

Entry criteria included evidence of significant AR 
by physical examination (defined as the presence of a 
characteristic aortic diastolic murmur and a pulse pres- 
sure 260 mm Hg by sphygmomanometry) and LV 
end-diastolic volume index by radionuclide angiography 
2100 ml/m?. Patients were excluded from the trial if 
any of the following factors were present: atrial fibrilla- 
tion, diastolic blood pressure >90 mm Hg by sphygmo- 
manometry, previous aortic valve replacement, evidence 
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TABLE | Baseline Characteristics of 60 “Intention-to-Treat”’ 
Patients with Follow-Up Electrocardiograms at F 12 Months 


Placebo 
(n = 28) 


47.3 + 16.0 
18,3.+ 5:9 
0.39 + 0.60 
6.0 + 2.8 
158 + 43 
58 + 23 
63 + 8 
6 rheumatic 
13 congenital 


Hydralazine 


(n = 32) p Value 


40.3 + 16.7 
18.3 + 5.9 
0.41 + 0.73 
6.4 + 3.0 
168 + 48 
57 + 22 
65+8 
6 rheumatic 
13 congenital 
6 uncertain 9 uncertain 
3 other 4 other 
AR = aortic regurgitation; LVEDVI = left ventricular end-diastolic volume index; 


LVEF = left ventricular ejection fraction; LVESVI = left ventricular end-systolic volume 
index; LVH = left ventricular hypertrophy; NS = not significant. 


Age (years) 
Follow-up (mos) 

ST depression (mV) 
LVH score (points) 
LVEDVI (ml/m2) 
LVESVI (ml/m2) 
LVEF (%) 

Etiology of AR 


that the AR had either developed or worsened within 
the preceding 12 months, or that it was caused by aor- 
tic root dissection. Additional reasons for exclusion 
were evidence of: significant coronary artery disease by 
either history, the presence of a Q wave infarction on 
electrocardiogram, or by angiography; pregnancy (or 
failure to take precautions to avoid pregnancy); or the 
presence of more than mild, nonlimiting symptoms. Pa- 
tients with evidence of additional valvular or congenital 
lesions by physical examination or by noninvasive eval- 
uation were not randomized in the trial unless signifi- 
cant disease was excluded by cardiac catheterization 
and angiography. Patients with a gradient of >25 mm 
Hg across the aortic valve, those with a mitral valve 
area <2.0 cm?, or those with more than trivial mitral 
regurgitation were excluded from the study. Ten pa- 
tients were taking digoxin (5 in the hydralazine group 
and 5 in the placebo group). 

Patients were withdrawn from treatment if any of 
the following occurred: new or increasing symptoms re- 
ferable to AR, intolerable side effects attributable to 
the study drug, the development of a medical condition 
that necessitated that the study drug be discontinued, 
or aortic valve replacement. Patients who no longer 
wished to participate, and those who took <50% of the 
prescribed dose (or <100 mg of the total daily dosage) 
of the study drug were also withdrawn from the trial. 
Follow-up evaluation was performed in all randomized 
patients, whenever possible, for up to 24 months. How- 
ever, patients in whom a baseline and at least 1 follow- 
up electrocardiogram (at 212 months) were not ob- 
tained were excluded from the present analysis. 

Cardiac catheterization, which confirmed the pres- 
ence of at least moderately severe AR and the absence 
of other significant disease, had been performed in 14 
of the 80 patients (18%). Coronary angiography had 
been performed in 14 of the 27 patients (52%) who 
were aged 240 years and had normal coronary arteries 
in all cases. 





Drug administration: Patients were initially ran- 
domized in a double-blind manner to either oral hydral- 
azine 25 mg twice daily or matching placebo tablets. 
The dose of the study medication was titrated up to a 
total of 3 mg/kg body weight daily in divided doses 
(usually twice a day) over a 2- to 4-week period. The 
average dose of hydralazine was 205 + 34 mg/day, 
with a range of 150 to 300 mg. Compliance, as assessed 
by pill count at each follow-up visit, averaged 86% for 
the entire study period, and was similar for patients in 
the 2 groups. 

Clinical, radionuclide angiographic, echocardio- 
graphic and electrocardiographic evaluations were per- 
formed on entry, and at 12 and 24 months after ran- 
domization. 

Rest electrocardiography: Supine 1|2-lead electro- 
cardiograms were obtained in all patients with the use 
of multichannel recorders that met or exceeded fre- 
quency responses of the American Heart Association.” 
Electrocardiograms were reviewed by 2 observers who 
were unaware of the patient’s clinical or drug status. 
ST-segment depression was measured 80 ms after the J 
point in lead Vs, in 0.05 mV increments (at standard 
voltage settings, 0.1 mV is equal to 1 mm). The Rom- 
hilt-Estes scores for LV hypertrophy were also calculat- 
ed.25 Inter- and intraobserver variabilities were as- 
sessed. There was 89% agreement between observers 
and 94% agreement between 2 readings by the same 
observer; discrepancies were resolved by consensus. In 
no case was disagreement >0.05 mV for ST-segment 
depression or >2 LV hypertrophy score points for 
Romhilt-Estes classification. 

Radionuclide ventriculography: Radionuclide angi- 
ography was performed as previously described.”* From 
these acquired data, LV ejection fraction and LV end- 
diastolic and end-systolic volumes were calculated. 
These volumes were then normalized for body surface 
area. 

Echocardiograms: M-mode echocardiograms were 
obtained using standard techniques for data acquisitior 
at each institution.2° The studies were read by 2 inde- 
pendent observers unaware of the patient’s identity 
treatment and timing of the studies. Disagreement was 
resolved by consensus. Overall, 23% of studies were ex- 
cluded because of inadequate visualization. From these 
measurements, LV mass index was calculated as previ: 
ously described.?’ 

Statistical analysis: The effect of hydralazine on the 
electrocardiogram was assessed in both an “intention: 
to-treat” group and a “treatment-received” group. Ar 
unpaired ¢ test was used for comparison of parameter: 
between the hydralazine and placebo groups. Change: 
over time were compared by paired 1 test. 

All data are expressed as mean + standard devi 
ation. 
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RESULTS 

Of the 80 randomized patients, 60 had a follow-up 
electrocardiogram available for analysis at >12 months 
after enrollment in the study (Table I). These 60 pa- 
tients form the “intention-to-treat” group. Of the 20 
patients excluded from the intention-to-treat analysis, 
16 immediately withdrew from the study in the first 3 
months and did not have follow-up electrocardiograms, 
3 others did not have follow-up electrocardiograms 
available at >12 months, and 1 had a ventricular pace- 
maker. There were 6 patients who had electrocardio- 
grams available at >12 months but who had discontin- 
ued the medication before the 12-month time, leaving 
54 patients who were considered the treatment-received 
group. 

The baseline characteristics of the 60 intention-to- 
treat patients enrolled in this study are listed in Table I. 
The patients in the hydralazine group tended to be 
younger. However, there were no other significant dif- 
ferences between the groups at the onset of therapy 
with regard to magnitude of ST-segment depression in 
lead Vs, Romhilt-Estes point score for LV hypertrophy, 
LV end-diastolic or end-systolic volume indexes or ejec- 
tion fraction. The etiology of AR was also similar be- 
tween the groups. In the treatment-received group, nei- 
ther age nor any of the other baseline characteristic 
variables were statistically different between the hydral- 
azine and placebo groups. 

Intention-to-treat analysis: Over a follow-up period 
of 18 + 6 months for both groups, the baseline ST- 
segment depression worsened in the placebo group by 
—0.027 + 0.055 mV and improved in the hydralazine 
group by 0.020 + 0.042 mV, p <0.0001. Similarly, the 
LV hypertrophy score worsened in the placebo group 
and improved in the hydralazine group (—1.1 + 2.5 
and 1.2 + 2.2 points, respectively, p <0.0001). Figure 
1 illustrates this partial regression of electrocardio- 
graphic abnormalities seen in a patient during long- 
term vasodilator therapy. These electrocardiographic 
changes were associated with reductions in LV end-dia- 
stolic volume index of 25 + 30 ml/m? in the hydrala- 
zine group versus 3 + 43 ml/m? in the placebo group, 
p = 0.03. Similarly, the LV end-systolic volume index 
tended to decrease in the hydralazine group (—8 + 24 
ml/m*) and increase in the placebo group (4 + 24 
ml/m?, p = 0.06). LV ejection fraction increased in the 
hydralazine group (1.8 + 5.3%) and decreased in the 
placebo group (—2.9 + 6.2%, p = 0.003). 

Treatment-received analysis: Table II illustrates the 
change in electrocardiographic and LV volume param- 
eters over the study period. Follow-up was 19 + 6 
months in both the hydralazine group and the placebo 
group. Patients treated with hydralazine had a small 
but highly significant reduction in ST-segment depres- 
sion over follow-up compared with patients given place- 


TABLE II Changes in Electrocardiographic and Left Ventricular 
Volume Parameters During Follow-Up (treatment-received 
group, n = 54) 


Placebo 
(n = 26) 


Changes Over 
Follow-Up 


Hydralazine 


(n = 28) p Value 





ST depression (mV) —0.023+ 0.044 0.029 + 0.055 0.0001 


LVH score (points) ~l.1.4 2:2 0.9 + 2.3 0.002 
LVEDVI (ml/m?) —26 + 30 -3 + 43 0.03 
LVESVI (ml/m2) =12:+ 16 os 23 0.003 
LVEF (%) 19+ 5.1 —2:9 + 6.3 0.004 
LV mass (g) 6+ 47 17 + 84 0.64 


LV mass = left ventricular mass; other abbreviations as in Table II. 


bo. Likewise, hydralazine-treated patients had a mean 
reduction in Romhilt-Estes LV hypertrophy score over 
follow-up compared with those taking placebo, but the 
resolution of these electrocardiographic changes was in- 
complete. Hydralazine-treated patients experienced a 
significant reduction in LV end-diastolic and end-sys- 
tolic volume indexes, and an improvement in LV ejec- 
tion fraction, compared with patients taking placebo 
over the follow-up period. Baseline LV mass as derived 
from echocardiographic measurements was similar be- 
tween the hydralazine and placebo groups (426 + 126 
and 423 + 92 g, respectively, p = 0.94). On follow-up, 


Baseline 


rl 


nt mh 


24 Months 





therapy. Note the reduction in voltage in leads V;-V¢, de- 
creased prominence of T-wave inversion, resolution of ST-seg- 
ment depression, and narrowing of the QRS complex, com- 
pared with the prior tracing. End-diastolic volume index de- 
creased from 237 to 163 mi/m2, end systolic volume 
decreased from 85 to 57 ml/m2, and ejection fraction re- 
mained at 0.64 over this time period. 
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the change in LV mass between the hydralazine and 
placebo groups was not significantly different (Table 
IT). 


DISCUSSION 

We have previously shown that long-term vasodila- 
tor therapy reduces volume overload in clinically stable 
patients with chronic AR.?* The present analysis 
demonstrates that regression of electrocardiographic 
changes in this condition is also possible. In our study 
population, which was limited to asymptomatic or near- 
ly asymptomatic patients with normal ejection frac- 
tions, we found small but significant reductions in ST- 
segment depression and Romhilt-Estes LV hypertrophy 
score in patients treated with hydralazine, compared 
with patients taking placebo, over a follow-up period of 
12 to 24 months. 

Previous studies have described regression of LV hy- 
pertrophy voltage and strain repolarization abnormali- 
ties!3.14 in patients after aortic valve replacement. In 
some instances the electrocardiographic changes revert- 
ed to normal. Successful valve replacement results in 
termination of regurgitant flow. However, the reduction 
in chronic volume overload seen in our patients who 
received vasodilator therapy was only partial, so that it 
is not surprising that the electrocardiographic changes 
were less prominent. It is also possible that further 
regression of the electrocardiographic abnormalities 
would have occurred with a longer period of observa- 
tion on hydralazine. 

Before performing this analysis, we reasoned that 
complete normalization of electrocardiographic changes 
would be unlikely based on the volume changes we ob- 
served. Consequently, we used a quantitative approach 
to our electrocardiographic analysis. Although the pres- 
ence or absence of LV hypertrophy voltage or strain 
repolarization abnormalities did not change over follow- 
up in any patient in this study, significant reductions 
were noted in the magnitude of ST-segment depression 
and the Romhilt-Estes LV hypertrophy scores of hy- 
dralazine-treated patients, compared with those taking 
placebo. Although a reduction in R-wave voltage and 
abnormal repolarization are presumably related to a 
decrease in LV hypertrophy, we do not have echocar- 
diographic evidence to support this hypothesis. This 
lack of correlation may be related to the exclusion of 
patients with more severe symptoms and lower ejection 
fractions. However, we have previously demonstrated 
that there is large variability in echocardiographic as- 
sessment of LV dimensions and thickness in patients 
with AR.?8 Since these parameters are used to calcu- 
late mass, it is likely that there was considerable vari- 
ability in this measurement. This factor may have 
played an important role in our inability to detect 


changes in mass over time. It is also possible that, in 
this patient population, these electrocardiographic ab- 
normalities may reflect LV dilatation, independent of 
morphologic hypertrophy.!?:!3 Also in both experimen- 
tal models of myocardial hypertrophy and clinical stud- 
ies, hydralazine is ineffective in decreasing LV mass.”? 
It is possible that hydralazine decreased LV volume by 
decreasing AR, independent of a decrease in LV mass. 
Another type of agent such as an angiotensin-convert- 
ing enzyme inhibitor might be more effective in de- 
creasing LV mass as well as LV volume.*° 

Clinical implications: Patients with chronic AR 
treated with long-term vasodilator therapy in this study 
experienced a regression in electrocardiographic ST de- 
pression and LV hypertrophy score. The magnitude of 
these electrocardiographic changes is small and, unless 
quantitative changes are specifically measured, they 
would likely be overlooked in most clinical settings. 
However, prior studies describe the functional and 
prognostic significance of electrocardiographic abnor- 
malities in patients with chronic AR. Spagnuolo et al’ 
found that LV hypertrophy voltage, ST-segment de- 
pression and T-wave inversion in leads Vs~V¢ each had 
independent predictive value on survival, and the devel- 
opment of heart failure and angina. Roman et al!? 
described the hemodynamic significance of abnormal 
electrocardiographic repolarization in AR and showed 
that patients with abnormal repolarization were more 
likely to develop symptoms related to AR. If electrocar- 
diographic abnormalities are indicators of a poor prog- 
nosis, then interventions that lead to an improvement in 
these abnormalities may have beneficial effects on the 
natural history of the disease. However, given the gen- 
erally protracted course of the disease, a study evaluat- 
ing progression to symptoms or LV dysfunction would 
have required a larger sample size and a longer dura- 
tion of follow-up. 
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Effects of Percutaneous Mitral Valvuloplasty on 
Left Ventricular Mass and Volume 


Marc D. Tischler, MD, Martin St. John Sutton, MB, 
John A. Bittl, MD, and John D. Parker, MD 





The response of left ventricular (LV) geometry to 
altered loading conditions after mitral valvulo- 
plasty has been incompletely described. There- 
fore, 15 patients with rheumatic mitral stenosis 
were studied using quantitative 2-dimensional 
echocardiography a mean of 1 + 2 months be- 
fore and 11 + 5 months after percutaneous bal- 
loon mitral valvuloplasty. Mitral valve area (Gor- 
lin) increased in all patients, from 1.0 + 0.3 to 
1.9 + 0.5 cm? (p <0.01). Mitral regurgitation 
(1+/4+) developed in 3 patients, and increased 
by 1 grade in 1 patient as a consequence of mi- 
tral valvuloplasty. After valvuloplasty, there 
were significant increases in LV end-diastolic 
volume (69 + 22 to 82 + 26 mil, p <0.01), stroke 
volume (34 + 13 to 46 + 19 ml, p <0.05) and 
mass (181 + 46 to 200 + 42 ml, p <0.005). LV 
end-systolic volume and ejection fraction did not 
change significantly. LV mass-to-volume ratio 
was unchanged (5.6 + 1.5 to 5.8 + 1.4 g/ml, 
p = not significant). Quantitatively similar results 
were obtained when these changes were indexed 
to body surface area. Thus, successful mitral 
valvuloplasty was associated with significant in- 
creases in LV end-diastolic volume and mass. 
These findings suggest that increased preload 
may be a stimulus to myocardial growth. 

(Am J Cardiol 1991;68:940-944) 
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itral stenosis represents a common form 
M of acquired heart disease characterized by 
chronic restriction of diastolic left ventricu- 
lar (LV) filling. Both angiographic!-? and echocardio- 
graphic? techniques have demonstrated reduced LV 
end-diastolic volume in patients with mitral stenosis 
compared with control subjects. Investigations using ra- 
dionuclide angiography,’ cineangiography'? and M- 
mode echocardiography® have documented that LV 
end-diastolic volume increases after mitral valve re- 
placement or open commissurotomy for mitral stenosis, 
with little or no change in end-systolic volume. 
Myocardial stretch and increased ventricular filling 
pressure have been shown to lead to increased rates of 
myocardial protein synthesis.’ Therefore, it is possible 
that the increase in LV preload associated with the re- 
lief of mitral stenosis would lead to myocardial growth 
and an increase in LV mass. Importantly, existing re- 
ports of changes in LV mass and volume after mitral 
valve surgery may have been confounded by surgically 
induced changes in the papillary muscle apparatus and 
the integrity of the pericardium. Percutaneous balloon 
mitral valvuloplasty allows examination of the effects of 
relief of obstruction to LV inflow in the absence of 
changes in either of these variables. This investigation 
examines the effects of percutaneous balloon mitral val- 
vuloplasty on LV volume and mass in 15 patients with 
rheumatic mitral stenosis. 


METHODS 

Patients: Between August 1986 and February 1990, 
40 patients underwent percutaneous balloon mitral val- 
vuloplasty at Brigham and Women’s Hospital. In 10 
patients, a baseline echocardiographic examination was 
not available, and in 6 patients, no follow-up examina- 
tion was available. Seven patients were referred from 
out-of-state and were lost to follow-up, and 1 died soon 
after valvuloplasty. One patient had a severe dilated 
cardiomyopathy and was therefore excluded from the 
study. The remaining 15 patients formed the study 
group. 

Percutaneous balloon mitral valvuloplasty: Percuta- 
neous balloon valvuloplasty was performed as previous- 
ly described.’ Mitral valve area was calculated before 
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TABLE | Catheterization Hemodynamic Responses to Valvuloplasty 


Left Atrial Pressure (mm Hg) 


Post 


8 
1 
2 
5 
4 
6 
4 
5 
3 
4 
5 
5 
6 
5 
4 
5 


t 


2 


(p <0.01) 


MR = mitral regurgitation; Post = after; Pre = before. 


and after valvuloplasty using the Gorlin equation.’ Left 
ventriculography was performed before and after valvu- 
loplasty to determine the presence and extent!’ of mi- 
tral regurgitation. 

Two-dimensional echocardiography: Initial echo- 
cardiographic examinations were performed 1 + 2 
months before valvuloplasty. Follow-up examinations 
were performed 11 + 5 months after valvuloplasty. 
Two-dimensional and Doppler echocardiographic ex- 
aminations were performed in the left lateral decubitus 
position using a Hewlett-Packard phased-array ultra- 
sonoscope device (Hewlett-Packard Co., Medical Prod- 
ucts Group, Andover, Massachusetts) with a 2.5 MHz 
transducer. Parasternal short- and long-axis, and apical 
2- and 4-chamber images were recorded. 

Data analysis: All echocardiograms were analyzed 
in random sequence by a single investigator who was 
unaware of the name of the patient and the temporal 
sequence of studies. Seven studies were independently 
analyzed by a second experienced investigator to deter- 
mine interobserver variability. Echocardiographic data 
were analyzed using a Cardiology Workstation (GTI 
Freeland Medical Division, Indianapolis, Indiana). LV 
mass, end-systolic, end-diastolic and stroke volumes, 
and ejection fraction were calculated as previously de- 
scribed.!!-!3 Tracings of LV endocardial and epicardial 
surfaces were digitized to obtain: (1) total LV short- 
axis area (A,) enclosed by the LV epicardium and the 
right side of the septum at the level of the papillary 
muscles; (2) in the same view, end-diastolic cavity area 
(Ae) in which the papillary muscles were regarded as 
part of the LV wall; (3) in the same view, end-diastolic 
and end-systolic cavity areas (Ayq and Ays) in which 


Transmitral Gradient (mm Hg) 


Mitral Valve Area (cm2) Angiographic Degree of MR 


Post 


(p <0.01) 





the papillary muscles were regarded as part of the 
LV cavity; and (4) LV end-systolic and end-diastolic 
lengths (L, and La) from the apical 4-chamber view 
measured from the apical endocardium to the mid- 
mitral anular level. 

LV volumes were calculated by the short-axis 
area X length method: LVESV = %- Ay,- L; and 
LVEDV = % + Ay ° Lg, where LVESV and LVEDV 
are LV end-systolic and end-diastolic volumes, respec- 
tively. 

LV mass was calculated as: mass = 1.055 X 
Y(A,L; — ALa), where L; is the distance from the 
center of the mitral anulus to the apical epicardium in 
diastole. 

The LV mass-to-volume ratio in systole was calcu- 
lated as: LV mass/volume = LV mass/LVESV. 

Statistical methods: All data are presented as mean 
+ standard deviation. Comparisons between patients 
before and after valvuloplasty were performed with the 
paired Student’s ¢ test. All reported test statistics are 2- 
tailed. Differences were considered significant if the 
null hypothesis could be rejected at the 0.05 probability 
level. 


RESULTS 

Patient demographics: All 15 patients (13 women 
and 2 men, mean age 59 + 10 years, range 47 to 79) 
had 2-dimensional echocardiographic evidence of mitral 
stenosis. At the first echocardiographic evaluation, the 
mean body surface area of these patients was 1.7 + 0.2 
m?, whereas at the follow-up examination it was 1.7 + 
0.3 m? (p = not significant). Fourteen patients had an- 
giographically normal coronary arteries. One patient 
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TABLE If Two-Dimensional Echocardiographic Responses to 
Valvuloplasty 


Before After 


Valvuloplasty Valvuloplasty p Value 


Heart rate (beats/min) 

LV end-diastolic volume 
(ml) 

LV end-diastolic volume 
index (ml/m?) 

LV end-systolic volume 
(ml) 

LV end-systolic volume 
index (ml/m?) 

Stroke volume (ml) 

Stroke volume index 
(ml/m?) 

LV ejection fraction 

LV mass (g) 

LV mass index (g/m?) 

LV mass/volume (g/ml) 


50 + 10 
181 + 46 
106 + 24 
5.6 + 1.5 


All data presented as mean + standard deviation. 
LV = left ventricular; NS = not significant. 


had 1-vessel coronary artery disease with a 70% diame- 
ter stenosis of the left anterior descending coronary ar- 
tery with normal LV systolic function found on a con- 
trast ventriculogram. 

Before valvuloplasty, 7 patients had no angiograph- 
ic evidence of mitral regurgitation and 8 had mild 
(1+/4+) angiographic mitral regurgitation. Immedi- 
ately after valvuloplasty, 3 patients developed new mi- 
tral regurgitation (1+/4+). Regurgitant grade did not 
change in 11 patients and increased by | grade in | 
(Table I). 

Eight patients had mild (1+/3) aortic regurgitation 
at the initial Doppler echocardiographic examination, 
as assessed by standard criteria.'* The grade of aortic 
regurgitation did not change in any patient between the 
initial and follow-up examinations. Five patients had 
mild aortic stenosis (estimated peak instantaneous pres- 
sure gradient <20 mm Hg) at both examinations. 

Catheterization hemodynamic responses to balloon 
mitral valvotomy (Table I): Mean left atrial pressure de- 
creased from 28 + 7 to 17 + 6 mm Hg (p <0.01). The 


~ 
© 


LV End-Diastolic Volume (ml) 


Pre Post 
Balloon Mitral Valvuloplasty 








mean transmitral gradient decreased 8 mm Hg from 13 
+ 5to5 + 2 mm Hg; p <0.01. Mean mitral valve 
area, calculated from the Gorlin equation, increased 0.9 
cm? from 1.0 + 0.3 to 1.9 + 0.5 cm’; p <0.01. 

Echocardiographic responses (Table Il): LEFT VEN- 
TRICULAR VOLUME: LV end-diastolic volume increased 
from 69 + 22 to 82 + 26 ml (p <0.01; Figure 1) and 
end-systolic volume increased from 35 + 13 to 37 + 12 
ml (p = not significant). Stroke volume increased from 
34 + 13 to 46 + 19 ml (p <0.05). LV ejection fraction 
increased, but not significantly (50 + 10 to 55 + 10%, 
p = not significant). Similar results were obtained using 
the LV end-diastolic (40 + 10 ml/m? to 46 + 14 
ml/m?, p <0.04) and LV end-systolic (20 + 7 ml/m? 
to 20 + 5 ml/m?, p = not significant) volume indexes. 

LEFT VENTRICULAR MASS: LV mass increased from 
181 + 46 to 200 + 42 g (p <0.005; Figure 2). The 
mass-to-volume ratio in systole did not change (5.6 + 
1.5 vs 5.8 + 1.4 g/ml, p = not significant). When in- 
dexed to body surface area, this increase in mass re- 
mained significant (106 + 24 to 114 + 18 g/m; p 
<0.006). In a subgroup analysis of the 11 patients who 
experienced no change in the degree of mitral regurgi- 
tation before and after valvuloplasty, LV mass in- 
creased from 192 + 48 to 209 + 42 g (p <0.04) and 
the mass index increased from 110 + 26 to 115 + 19 
g/m? (p = 0.04). 

Heart rate during echocardiography: Six patients 
had atrial fibrillation at both examinations, 7 had nor- 
mal sinus rhythm and | had fixed-rate ventricular pac- 
ing at both examinations. One patient with normal si- 
nus rhythm at the initial examination had developed 
atrial fibrillation at the follow-up study. Mean heart 
rate at the initial study was not different from that 
found at the follow-up examination (73 + 10 vs 75 + 
11, p = not significant). 

Interobserver variability: Seven randomly select- 
ed studies (3 before and 4 after valvuloplasty) were 
independently analyzed by a separate investigator un- 
aware of all clinical information. The correlation coeffi- 


FIGURE 1. Left ventricular (LV) end-dia- 
stolic and end-systolic volumes before 
(Pre) and after (Post) percutaneous bal- 
loon mitral valvuloplasty. 


Balloon Mitral Valvuloplasty 
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cients for LV diastolic and systolic volumes were r = 
0.926 and 0.990, respectively, whereas for LV mass 
r = 0.929. 


DISCUSSION 

In this study, 15 patients were examined before and 
after percutaneous balloon mitral valvuloplasty to test 
the hypothesis that an increase in preload could lead to 
an increase in LV mass. Our results indicate that suc- 
cessful balloon mitral valvuloplasty is followed by a sig- 
nificant increase in LV mass that is accompanied by 
increases in both LV end-diastolic and stroke volumes. 

Cardiac hypertrophy is a normal physiologic re- 
sponse to the imposition of an increased work load on 
the heart. Several investigators!5-!7 have proposed that 
hypertrophy increases until wall stress is normalized. 
Most studies have focused on states of significant 
chronic pressure or volume overload.!’-!? However, the 
response of the heart to more subtle changes in loading 
conditions has not been fully investigated. Myocardial 
protein synthesis has been found to increase in response 
to increased myocardial stretch.2°-2! It has been sug- 
gested that myocardial stretch may lead to hypertrophy 
through initiation of a complex synthetic pathway.’ It is 
therefore conceivable that increases in LV preload and 
volume could, in turn, lead to adaptive hypertrophy. 

Mitral stenosis represents a correctable cause of 
chronic preload reduction. Several investigators*®22-23 
attempted to characterize the response of the left ven- 
tricle to corrective mitral valve surgery. Kazama et al’ 
examined 26 patients with mitral stenosis using pre- 
and postoperative cineangiograms. The end-diastolic 
volume index increased after surgery although the dif- 
ference did not meet the conventional significance crite- 
rion. End-systolic volume index did not change appre- 
ciably. Similar results were reported by Chiang et al® 
using M-mode echocardiographic techniques. 

Serial changes in LV mass after surgery for mitral 
stenosis have been incompletely described. Kennedy et 
al?? obtained biplane cineangiograms before and after 
surgery in 6 patients with pure mitral stenosis. Postop- 
erative studies were performed a mean of 11 months 
after surgery. LV mass index increased from 106 + 33 
to 120 + 25 g, which is similar to the relative increase 
observed in our patients, although this difference did 
not achieve statistical significance. In the M-mode 
echocardiographic study reported by Chiang et al, LV 
posterior wall thickness increased after corrective sur- 
gery for mitral stenosis. Again, this difference was not 
statistically significant, although postoperative studies 
were performed a mean of only 8 days after surgery. 
Schuler et al?4 also used M-mode echocardiography to 
study 17 patients with pure mitral stenosis before and 
15 months after mitral valve replacement. They ob- 
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FIGURE 2. Left ventricular (LV) mass before (Pre) and after 
(Post) percutaneous balloon mitral valvuloplasty. 


served no difference in either posterior wall thickness or 
in mass, as estimated from the LV myocardial cross- 
sectional area. Interpretation of these studies is further 
confounded by reports that the intact pericardium has 
an important role in modulating cardiac hypertro- 
phy.?5-26 Percutaneous balloon valvuloplasty offers the 
potential advantage of preserving the pericardium. Fur- 
thermore, mitral valve replacement disturbs papillary 
muscle and chordal attachments, which might have an 
impact on LV geometry and systolic function.?7-28 
Study limitations: Simultaneous blood pressures 
were not recorded at the echocardiographic studies; 
therefore, calculated estimates of circumferential end- 
systolic wall stress could not be made. We cannot ex- 
clude the possibility that afterload increased after val- 
vuloplasty and that mass increased secondary to this 
change. However, systemic vascular resistance general- 
ly decreases after mitral valve surgery,” and it is un- 
likely that our patients responded paradoxically. Three 
patients developed new mild mitral regurgitation and | 
had an increase in severity of mitral regurgitation from 
1+/4 before to 2+/4 after valvuloplasty. In these pa- 
tients, it is possible that the observed increases in end- 
diastolic volume and mass were related to the regurgi- 
tant volume. However, when these patients were ex- 
cluded, subgroup analysis revealed results that were 
similar to those obtained from the entire cohort. 
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MISCELLANEOUS 


Effects of Exercise on Left Ventricular Diastolic 
Performance in Trained Athletes 


J. V. Nixon, MD, Alasdair R. Wright, BSc, Thomas R. Porter, MD, 
Valerie Roy, RN, and James A. Arrowood, MD 


Dynamically trained athletes develop increased 


left ventricular (LV) wall mass. To determine 
whether this increased wall mass impaired char- 
acteristics of LV diastolic filling, serial Doppler 
echocardiograms were obtained from 10 trained 
athletes (mean age 21 years) at rest, during su- 
pine graded bicycle exercise and during recovery 
at heart rates of 80, 120 and 140 beats/min, re- 
spectively. Similar studies were obtained in 10 
age-matched control subjects. Studies at rest 
showed significant increases in athletes in LV 
end-diastolic dimension and indexed LV wall 
mass. Differences in peak filling rates and in nor- 
malized peak lengthening rates between athletes 
and control subjects were seen at heart rates of 
140 beats/min during exercise and recovery. 
Differences in Doppler-derived variables between 
athletes and control subjects were seen in total 
time-velocity integral, early peak filling velocity 
and E/A ratio. In athletes, time-velocity integral 
was increased during recovery at heart rates of 
120 beats/min and 80 beats/min, early peak fill- 
ing velocity was increased during exercise at 
120 beats/min and during recovery at 120 
beats/min and 80 beats/min, and E/A ratio was 
higher at all heart rates during both exercise and 
recovery. Although no significant differences 
were found in LV diastolic filling indexes at rest, 
a significant enhancement was found in these 
parameters in dynamically trained athletes dur- 
ing exercise, particularly at higher levels of dy- 
namic exercise. 

(Am J Cardiol 1991;68:945-949) 
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he adaptation of cardiac structure and function 
to physical training depends on the type, intensi- 
ty and duration of the training. Numerous stud- 
ies have described the nature of adaptive cardiac struc- 
tural changes.'! Dynamic exercise training is known to 
increase vagal tone, diminish resting heart rate and in- 
crease cardiac stroke volume.” There is a resultant in- 
crease in left ventricular (LV) wall mass to maintain 
normal wall stress, which manifests as “physiological” 
LV hypertrophy.*-> 
Several pathologic conditions are known to cause 
LV hypertrophy.® Furthermore, the effects of LV hy- 
pertrophy on LV filling-tharacteristics in these condi- 
tions have been. documented.’-!° However, little is 
known about the effects of physiologic LV hypertrophy 
on diastolic filling characteristics in trained athletes, 
particularly during dynamic exercise. The objective of 
this study was to determine the effects of physiologic 
LV hypertrophy in trained athletes on M-mode and 
Doppler echocardiographic LV filling characteristics 
during dynamic exercise. 


METHODS 

Subjects: Ten trained athletes (6 men and 4 wom- 
en, mean age 21 years, range 20 to 24) were studied. 
These trained athletes were recruited from our parent 
university National Collegiate Athletics Association Di- 
vision IA basketball program; all were scholarship ath- 
letes. Ten normal age-matched control subjects (6 men 
and 4 women, mean age 22 years, range 19 to 24) were 
also recruited. All subjects were fully informed of the 
procedures and protocol to be used, and gave written 
consent. Approval for the study was obtained from the 
Committee for the Conduct of Human Research at 
the Medical College of Virginia. All subjects under- 
went physical examinations before the studies and were 
found to be healthy. None were taking medication. 

Study protocol: Each subject underwent graded su- 
pine bicycle exercise. A standard exercise protocol with 
increasing work loads at 3-minute intervals was used to 
produce a smooth, gradual increase in heart rate to 
maximal exercise. Heart rate was continuously moni- 
tored by electrocardiogram, and blood pressures were 
recorded at 1-minute intervals by sphygmomanometer 
throughout the exercise protocol and for 6 minutes of 
recovery, or until heart rate and blood pressure re- 
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TABLE I Resting Physiologic Characteristics of Trained 
Athletes and Control Subjects 


Athletes Control subjects 
(n = 10) (n = 10) 



















Mean age (yrs) 


Age range (yrs) 

Height (cm) 189 +5 175:+-5* 
Weight (kg) 75'e 10 74+6 
Body surface area (m2) 2.07 +0.08 1.90 + 0.09 
Heart rate (beats/min) 59°") 69 + 4* 
Mean blood pressure (mm Hg) 89 + 4 91+4 

LV end-diastolic dimension (cm) 5.4+0.1 5.0 + 0.1% 
LV wall mass (g) 226 + 19 164 + 12* 
LV wall mass indexed (g/m?) 107 + 11 85 + 4* 








*p <0.05, athletes versus control subjects. 
LV = left ventricular. 


turned to basal resting values before exercise. Two-di- 
mensionally guided M-mode and Doppler echocardio- 
grams were obtained at rest, at heart rates of 80, 120 
and 140 beats/min during exercise and at similar heart 
rates during recovery. Measurements were obtained at 
the same heart rates in all subjects to eliminate the in- 
fluence of heart rate on LV filling. 

Measurements and analysis: Echocardiograms were 
obtained using a Hewlett-Packard 77020A Ultrasound 
System with a 2.5-MHz phased array transducer. 
Studies were recorded on videotape for subsequent 
off-line analysis. The left ventricle was imaged in the 
standard parasternal short-axis and apical 4-chamber 
views. In the short-axis view, an optimal or almost cir- 
cular image at the widest point of the left ventricle be- 
low the tips of the mitral valve leaflets was centralized 
within the display arc, and the M-mode cursor was di- 
rected across the left ventricle at its widest point. M- 
mode images were recorded. Use of the 2-dimensional 
image and the cursor ensured that M-mode echocardio- 
graphic images were obtained from the same point in 
the LV cavity despite any alterations in cardiac position 
produced by the exercise protocol.!! 

Pulsed Doppler recordings of diastolic transmitral 
flow velocity profiles were recorded with the sample 
volume located at the tips of the mitral leaflets (from 
the apical 4-chamber view). Doppler sample volume 
size was set at its smallest limit (approximately 5 mm). 
Gain settings were optimized to enhance endocardial 
edge detection and spectral displays. Flow velocities 
were not corrected for angle deviation, but care was 
taken to align the sample volume as perpendicular to 
the mitral anulus as possible. 

Videorecordings of M-mode and Doppler echocar- 
diograms were analyzed by an experienced echocardio- 
grapher on an off-line reviewing station incorporating 
an IBM Personal Computer and a Digisonics EC-500 
Cardiology Analysis System. From M-mode record- 
ings, LV septal and posterior wall endocardial surfaces 


were digitized according to American Society of Echo- 
cardiography criteria. The following M-mode indexes 
of LV filling were then calculated: (1) Peak filling rate 
was determined as the peak rate of increase of the LV 
diameter (D) with respect to time, and calculated as 
the highest positive value of the instantaneous rate of 
diameter lengthening (dD/dt). (2) Normalized peak 
lengthening rate was identified as the maximal value of 
1/D X dD/dt, which was derived by dividing dD/dt by 
instantaneous LV diameter during diastole. (3) Dura- 
tion of rapid filling was defined as the time from mini- 
mum LV dimension to the time when the LV filling 
rate decreased to 20% of its maximal value. Mitral ve- 
locity profiles were digitized along the darkest lines of 
the velocity spectra. Peak early filling velocity (E) and 
atrial filling velocity (A) were measured directly from 
the spectral display, and E/A ratio was calculated from 
these values. Total time velocity integral was deter- 
mined as the area under the peak early and atrial filling 
velocity profiles. 

To assess the reproducibility of the Doppler echo- 
cardiographic measurements, all recordings were ana- 
lyzed on 2 separate occasions for intraobserver variabil- 
ity, as well as by a blinded investigator for interobserver 
variability. Both intra- and interobserver variabilities 
were minimal; correlations for the parameters mea- 
sured ranged from 0.94 to 0.99 for intraobserver vari- 
ability and from 0.92 to 0.98 for interobserver vari- 
ability. 

Data obtained at specific heart rates were compared 
and significant differences were determined by analysis 
of variance for single factor experiments having repeat- 
ed measures. !? 


RESULTS 

Table I compares the characteristics of the trained 
athletes with those of the control subjects, at rest. As 
expected in the trained athletes, significant differences 
were seen in height and in heart rate at rest. Further- 
more, LV end-diastolic dimension, LV wall mass and 
indexed LV wall mass were significantly higher in the 
athletes. 

Table II shows the data generated from the digitiz- 
ed echocardiograms at different heart rates during su- 
pine exercise and during recovery in both athletes and 
control subjects. Significant differences between ath- 
letes and control subjects were seen at heart rates of 
140 beats/min during both exercise and recovery in 
peak filling and normalized peak lengthening rates. 

Doppler echocardiographic variables of transmitral 
flow, obtained at different heart rates where possible, in 
athletes and in control subjects are listed in Table III. 
Significant differences in total time-velocity integral 
were seen in athletes during recovery at 120 and 80 
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TABLE II Echocardiographic Variables Obtained at Different Heart Rates During Supine Exercise and During Recovery in Athletes 


(n = 10) and in Control Subjects (n = 10) 


Heart rate (beats) A 59+ 1* 
C 69+4 
A 9.7+0.5 


C 9.7+0.6 


Peak filling rate 
(cm/s) 


Normalized peak 
lengthening rate (per sec) 
Duration of rapid 
filling (ms) 
Mean blood pressure 
(mm Hg) 


A 2.3 +0.2 
C -2:5 02 
A185+6 
C1782 
A 95+9 
C 97+9 


Exercise (beats/min) 


80 


10.6 + 0.7 
10.2+0.9 


2.8+0.2 
2.5 +0.2 
184 +8 
181+11 
105+4 
101+3 


*p <0.05, athletes versus control subjects at each heart rate. 


A = athletes; C = control subjects. 


Recovery (beats/min) 


140 


15.0 + 0.7 
11.8+0.7 


4.1+0.4* 
2.8 + 0:2 
142 +7 
159 + 12 
122 +5 
121+4 


120 


13.4 + 0.5 
11.7+0.8 


3.7+0.4 
3.1+0.3 
155+ 10 
167+10 
108 + 4 
108 + 4 


TABLE Ili Doppler Echocardiographic Variables Obtained at Different Heart Rates During Supine Exercise and During Recovery in 
Athletes (n = 7) and in Control Subjects (n = 4) 


Exercise (beats/min) 


80 


Recovery (beats/min) 


120 


Heart rate (beats/min) 58 + 3* 
69 +12 
13.1+ 1.4 
8.9 + 0.7 
Si i+ 3* 
62° +5 
Sot 2 
42+5 


Total time-velocity integral 13:2 2.12 
8.8 + 0.6 
85+2 
7549 
42+4 
6125 


15:6. + 2.1 

12.2% 1:3 
113°2:9* 
79+5 


15,0 + 1:4* 
8.4+0.4 
88 +17 
70°43 
47+4 
60 +5 


L326 L285 
7.4 + 0.4 
83 + 4* 
62 +2 
39 +3 
48 +4 


Early peak filling velocity 


Atrial filling velocity 


Orardaroaor,r 


E/A ratio 2:5 2.0;1* Ze +)0.2* Li9.+:0.2* 2.3. +'0.3* 


O D> 


1.5+0.1 


*p <0.05, athletes versus control subjects. 
A = athletes; C = control subjects. 


beats/min. Early peak filling velocity was significantly 
increased in athletes during exercise at 120 beats/min, 
and during recovery at 120 and 80 beats/min. E/A 
ratio was consistently significantly higher in athletes at 
all heart rates during both exercise and recovery. Al- 
though not reaching statistical significance, trends of 
changes in total time-velocity integral during exercise at 
heart rates of 80 and 120 beats/min, and in peak filling 
velocity during exercise at 80 beats/min suggest that 
the data derived from Doppler profiles is consistent 
with and may be more sensitive than the data derived 
from the M-mode echocardiograms. 


DISCUSSION 

This study demonstrates that although there are no 
differences between the resting diastolic filling charac- 
teristics of trained athletes and age-matched control 
subjects, there is a significant enhancement of these pa- 
rameters in trained athletes at higher levels of dynamic 
exercise. This enhancement is manifested by increases 
in M-mode-derived peak filling and normalized peak 


TA 0 


1.2+0.1 1.3 20.1 





lengthening rates, and in Doppler-derived total time- 
velocity integral, early peak filling velocity and E/A 
ratio. These findings occurred in the presence of signifi- 
cant increases in LV wall mass in the athletes. 

In his review of the structural features of the athlete 
heart as defined by echocardiography, Maron? showed 
the consistent, reproducible findings of increased LV 
mass and increased LV end-diastolic dimension in elite 
endurance athletes. Furthermore, his review showed 
that this development of so-called physiological LV hy- 
pertrophy occurs during training and regresses during 
deconditioning. The suggestion that this increase in LV 
wall mass represents physiological hypertrophy would 
appear to be supported by Colan et al,* who reported 
normal LV wall stress in a series of dynamic athletes 
with increased LV wall mass and chamber size. The 
trained athletes in our study, consistent with previous 
reports, had significant increases in both LV mass and 
end-diastolic dimensions. 

Few studies have assessed the diastolic function of 
trained athletes. The effects of LV hypertrophy on LV 
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filling characteristics have been well-documented in a 
number of disease states, especially hypertension, both 
at rest and during exercise.68-1%13 Documentation of 
increased myocardial stiffness due to increases in myo- 
cardial mass and interstitial connective tissue affecting 
diastolic filling at rest and during exercise has resulted 
in the suggestion that the same effects may result from 
LV hypertrophy occurring in endurance athletes.’!3-!¢ 
Only Granger et al,!’ using resting radionuclide estima- 
tions of LV filling rate, have shown that this diastolic 
parameter is unchanged in endurance athletes in the 
presence of increased LV mass. Our study substantially 
extends these latter findings. It demonstrates that al- 
though LV diastolic filling in trained endurance ath- 
letes is unchanged at rest, it is significantly enhanced 
during dynamic exercise in the presence of increased 
LV mass, thus adding further credence to the concept 
of adaptive physiologic hypertrophy in normal subjects. 
Furthermore, the significant increases in echocardio- 
graphic peak filling rate, Doppler-derived peak filling 
velocity and E/A ratio in athletes during exercise sug- 
gest that this enhancement occurs in the active phase of 
diastole. 

Several mechanisms have been suggested for this 
adaptive mechanism. Although part of the increase in 
LV mass is a compensatory mechanism for the in- 
creased LV cavity size in these athletes maintaining a 
normal LV wall tension, Longhurst et al> have suggest- 
ed that true hypertrophy may occur in these elite en- 
durance athletes.® Penpargkul et al!® suggested that en- 
hanced diastolic function may be due to improved calci- 
um flux in the sarcoplasmic reticulum of the trained 
myocardium. Furthermore, it has also been shown that 
ventricular filling is a dynamic process with venous re- 
turn augmented by both skeletal and cardiac muscle.!? 
Our data is consistent with the concept that dynamic 
exercise training, together with the development of 
adaptive ventricular hypertrophy, produces increased 
filling during the active phase of diastole. Although the 
mechanisms by which these adaptive changes occur are 
not apparent in a study of this nature, the data appear 
to provide further evidence supporting the value of dy- 
namic exercise training in improving cardiac perfor- 
mance. However, it should be stated that these changes 
resulting in increased diastolic filling characteristics 
may be merely the result of the increase in LV vol- 
umes. Nevertheless, filling is enhanced in the presence 
of LV hypertrophy, and is a key finding irrespective of 
LV volume. 

There are a number of limitations to our study. The 
trained athletes do not serve as their own control sub- 
jects in regard to any adaptation to training. Thus, con- 
clusions regarding the adaptative processes of endur- 


ance training are implied by comparison to control sub- 
jects. Echocardiograms can only imply that adaptive 
changes in diastolic compliance have occurred.2° Fur- 
thermore, Doppler echocardiographic estimates of LV 
filling characteristics are altered by a number of hemo- 
dynamic variables.2! Some of these limitations may be 
overcome by using the athletes as their own control 
subjects and by comparing LV filling characteristics at 
specific heart rates during exercise. However, the in- 
ability of these noninvasive techniques to measure LV 
pressures remains a limitation. Also, exercise was per- 
formed in the supine position, which is known to have a 
different sequence of hemodynamic responses com- 
pared with exercise in the upright position.2? Further- 
more, a comparison of variables at different heart rates 
during dynamic exercise between trained athletes and 
normal subjects may be limited by the fact that the 
work load during exercise at any given heart rate may 
be different for athletes with a resting bradycardia than 
for control subjects. Thus, sympathetic activation and 
its effect on cardiac performance are likely to be differ- 
ent in trained athletes versus control subjects. 
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Age-Related Changes in Aortic Elasticity 





Determined by Gated Radionuclide Angiography 
in Patients with Systemic Hypertension or Healed 
Myocardial Infarcts and in Normal Subjects 


Michio Shimojo, MD, Nobuyuki Tsuda, MD, Toshiji lwasaka, MD, and Mitsuo Inada, MD 





We estimated the aortic volume elasticity (Ve), 
an index of aortic stiffness, using gated radionu- 
clide angiography, and investigated age-related 
changes in aortic elasticity in 22 normal control 
subjects, 30 hypertensive patients and 36 pa- 
tients with old myocardial infarction. Ve elastici- 
ty was calculated noninvasively as a ratio of the 
pressure change (dP) and the percent volume 
change (dV/Vo) determined by radionuclide angi- 
ography [Ve = dP/(dV/Vo)]. dV/Vo was calculat- 
ed from the maximal and minimal counts in the 
aortic arch [dV/Vo = (maximum — minimum- 
)/minimum]. Ve increased significantly with age 
in normal control subjects (r = 0.62, p <0.001), 
hypertensive patients (r = 0.60, p <0.001) and 
patients with old infarcts (r = 0.59, p <0.001). 
The age-related increase in Ve was significantly 
greater in hypertensive patients, and that for pa- 
tients with old myocardial infarcts tended to be 
greater than in control subjects. Thus, hyperten- 
sion accelerates the decrease in aortic elasticity 
with aging. The greater decrease in aortic elas- 
ticity resulted in a significant age-related in- 
crease in pulse pressure in patients with hyper- 
tension and old myocardial infarction. 

(Am J Cardiol 1991;68:950-953) 
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number of noninvasive studies! have been 
A published evaluating the elasticity of the super- 

ficial peripheral arteries. However, the aorta is 
a deep and curved vessel, so there are considerable 
methodologic difficulties involved in the evaluation of 
central aortic elasticity. We developed a noninvasive 
method of estimating aortic volume elasticity (Ve) as 
an index of aortic stiffness using gated radionuclide an- 
giography, and investigated the age-related changes in 
aortic elasticity in normal subjects, patients with hyper- 
tension and patients with old myocardial infarction. 


METHODS 

Ve can be estimated as the ratio of the pressure 
change (dP) and percent volume change (dV /Vo) in a 
certain part of the aorta [Ve = dP/(dV/Vo)].°’ We 
performed multiple-gated equilibrium radionuclide an- 
giography to estimate dV/Vo. After the subjects rested 
supine for 10 minutes, gated radionuclide angiography 
was performed using in vivo 99m technetium-labeled 
red blood cells* and a single-crystal gamma camera 
(GCA-601E; Toshiba Medical) fitted with a low-ener- 
gy collimater. The camera was set in the left anterior 
oblique projection, giving the best separation between 
the region of interest in the aortic arch and the other 
great vessels. The data were accumulated in synchroni- 
zation with the R wave of the electrocardiogram >500 
cardiac cycles. The value of dV/Vo was calculated 
from the number of counts in the region of the aortic 
arch as follows; [dV /Vo = (maximal counts — minimal 
counts)/minimal counts] (Figure 1). The maximal and 
minimal phases were selected manually from the hysto- 
gram of the counts. The maximal phase was 300 to 400 
ms after and the minimal phase was 700 to 800 ms 
after the R wave. 

The pulse pressure measured by a sphygmomanom- 
eter was used to estimate the value of dP. Then, Ve was 
calculated noninvasively and was used as an index of 
aortic stiffness. 

Images from a hypertensive subject are demon- 
strated in Figure 2. In this patient, dV/Vo was 18% 
and Ve was 3.1 mm Hg/%. 

The statistical error of dV /Vo depends on the maxi- 
mal count in the region of interest and the background 
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count. The mean maximal count in the region of inter- 
est was approximately 10,000, and the statistical error 
calculated was + 1.9% for a dV/Vo of 10% and + 
1.8% for a dV/Vo of 20%. 

Subjects: The study was performed in 22 normal 
subjects aged from 19 to 78 years, 30 patients aged 49 
to 79 years with hypertension, and 36 patients aged 42 
to 80 years with old myocardial infarction. The normal 
subjects had initially consulted our hospital with chest 
pain, and none of them had any evidence of cardiovas- 
cular diseases by routine examinations as well as gated 
radionuclide angiography. The patients with hyperten- 
sion and old myocardial infarction had no complica- 
tions such as stroke, valvular heart disease, diabetes 
mellitus and aortic aneurysm. One dose of their medi- 
cations was withheld just before the examination. All 
patients gave informed consent to the study. 

Data analysis: To investigate the age-related 
changes in aortic elasticity, the relation between age 
and Ve was analyzed. The relations between age and 
dV/Vo, pulse pressure and mean blood pressure (dia- 
stolic pressure plus one-third of the pulse pressure) were 
also investigated. To investigate the differences of the 
age-related changes in aortic elasticity among the 3 
groups, the slopes of the regression lines were compared 
by analysis of variance and multiple comparison analy- 
sis. A p value <0.05 was considered statistically signif- 
icant. 


RESULTS 

Age-related changes in aortic volume elasticity, 
percent volume change, and pulse and mean blood 
pressures: Significant positive correlations were 
observed between Ve and age in normal subjects (r = 
0.617, p <0.001), patients with hypertension (r= 
0.604, p <0.001) and patients with old myocardial in- 
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farction (r = 0.593, p <0.001) (Figure 3). A weak but 
significant negative correlation was also observed be- 
tween dV/Vo and age in normal subjects (r = —0.513, 
p <0.05), patients with hypertension (r = —0.546, p 
<0.01) and patients with old myocardial infarction 
(r = —0.508, p <0.01). Mean blood pressure showed 
no significant relation to age in all 3 groups. The pulse 
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FIGURE 1. The percent volume change (dV/Vo) was calculat- 
ed from the maximal (max) and minimal (min) counts in the re- 
gion of the aortic (Ao) arch. Pulse pressure was used for esti- 
mating the pressure change. Ve = volume elasticity. 
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FIGURE 2. Images from a hypertensive subject. (a), 
phase; (b), diastolic phase. 
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FIGURE 3. Relation between volume elasticity (Ve) and age. (a), normal subjects; (b), patients with hypertension; (c), patients 


with old myocardial infarction. 
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pressure tended to increase with age in normal subjects, 
but the change was not significant (r = 0.348, p <0.2). 
However, the pulse pressure correlated significantly 
with age in the patients with hypertension (r = 0.513, 
p <0.01) and old myocardial infarction (r = 0.559, p 
<0.01). 

Comparison of age-related changes of aortic vol- 
ume elasticity among the groups: The slopes of regres- 
sion lines for Ve and age were significantly different 
among the 3 groups. The extent of the increase of Ve 
with age was significantly larger in the patients with 
hypertension than in the normal subjects (p <0.01), 
whereas the increase of Ve in patients with old myocar- 
dial infarction tended to be greater than in normal sub- 
jects (p <0.1). 


DISCUSSION 

Noninvasive evaluation of aortic distensibility calcu- 
lated from the pulse pressure and the diameter change 
determined by magnetic resonance imaging? or echo- 
cardiography!® has been reported. On the other hand, 
Yaginuma et al!! measured the dV/Vo instead of di- 
ameter change in the ascending aorta using invasive an- 
giographic technique and calculated its ratio to the aor- 
tic pulse pressure as an index of aortic elasticity. We 
measured the dV/Vo noninvasively and directly in the 
aortic arch using gated radionuclide angiography, and 
aortic Ve calculated as the ratio of pulse pressure to 
dV /Vo was used as an index for estimating aortic elas- 
ticity. 

Aortic elasticity is greatly influenced by structural 
changes in the aortic wall itself. Histologic changes in 
the aortic wall can be seen as a result of the normal 
aging process,'* and atherosclerotic lesions in the aorta 
tend to increase both in prevalence and severity with 
advancing age. Nakashima et al! studied the postmor- 
tem distensibility of the human aorta in relation to the 
severity of atherosclerotic change and aging, and re- 
ported that the loss of aortic distensibility progressed 
steadly with aging regardless of the extent of aortic ath- 
erosclerosis. However, with in vivo methods, it is impos- 
sible to separate clearly whether alterations in aortic 
elasticity are due to the aging process, per se, or to 
atherosclerotic changes. Thus, the various clinical in- 
dexes of aortic elasticity including Ve represent the net 
effect of both age-related changes and aortic athero- 
sclerosis. 

A decrease in human aortic elasticity with advanc- 
ing age!4!5 has been demonstrated in vivo using both 
invasive! and noninvasive methods (pulse wave veloci- 
ty!7!8 and magnetic resonance imaging’). We also 
found a decrease in aortic elasticity, observed as an in- 
crease in Ve, with advancing age in normal subjects, 
patients with hypertension and patients with old myo- 


cardial infarction. A lesser but still significant negative 
correlation between dV/Vo and age in all 3 groups in- 
dicated that this parameter may also, in part, reflect 
the elasticity of the aorta. 

Aortic!?9 and peripheral!?! arterial elasticity is 
decreased in hypertensive patients compared with age- 
matched normotensive patients. Furthermore, aortic 
elasticity is decreased even in borderline hyperten- 
sion??-*4 before significant elevations in blood pressure 
have occurred. Although aortic elasticity is also under 
the influence of blood pressure,”> the decrease of elas- 
ticity in hypertensive patients is considered to be due 
not only to elevated pressure, but also to structural and 
functional changes in the aortic wall.2°2,23 In the pres- 
ent study, no significant relation was found between 
mean blood pressure and age. Therefore, the decrease 
in aortic elasticity with advancing age appeared to 
mostly reflect changes due to the aging process in all 3 
groups. Moreover, the decrease in aortic elasticity with 
aging was significantly greater in patients with hyper- 
tension, suggesting that hypertension accelerated the 
structural changes in the aortic wall related to aging. 

Stefanadis et al*®?’ studied the elasticity of the as- 
cending aorta by determining diameter changes by aor- 
tography, and found that aortic elasticity was decreased 
in patients with coronary artery disease. They proposed 
that this decrease was related to the common athero- 
sclerotic process or to reduced ascending aorta vasa va- 
sorum flow from the coronary arteries. Mohiaddin et 
al? demonstrated a decrease in aortic compliance in pa- 
tients with coronary artery disease compared with age- 
matched control subjects using magnetic resonance im- 
aging. We found that the decrease in aortic elasticity 
with aging tended to be greater in patients with old 
myocardial infarction than in normal subjects. We 
measured aortic elasticity in the portion of the aortic 
arch where the vasa vasorum are derived from the 
bronchial arteries and not the coronary arteries. There- 
fore, this greater decrease in aortic elasticity was proba- 
bly due to concomitant systemic atherosclerosis in these 
patients with old myocardial infarction.*®.? 

It is known that pulse pressure increases with age 
and so the relation between the age-related changes in 
pulse pressure and changes in aortic elasticity are com- 
plex. In the present study, we found that pulse pressure 
in normal subjects tended to increase with aging, but a 
significant positive correlation was not observed. This 
may have been due to the small number of subjects. On 
the other hand, significant positive correlations between 
pulse pressure and age were observed in patients with 
hypertension and old myocardial infarction. In these 
groups, it appears that a greater decrease in aortic elas- 
ticity with advancing age resulted in a significant in- 
crease in pulse pressure. 
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Are We Biased in Our Approach to Treating 
Elderly Patients with Heart Disease? 


Salim Yusuf, MRCP, DPhil, and Curt D. Furberg, MD, PhD 


data indicating that elderly patients with myocar- 

dial infarction received medications proven to re- 
duce mortality (e.g., thrombolytic therapy, aspirin, 6 
blockers and nitrates)? less frequently than younger 
patients despite similarities in a variety of clinical in- 
dexes of the extent of myocardial damage. Moreover, 
investigations such as exercise testing and coronary ar- 
teriography that may identify surgically remediable 
problems were also performed less often in elderly pa- 
tients. Paradoxically, calcium antagonists and antiar- 
rhythmic drugs, both classes of agents that do not ap- 
pear to favorably affect*® (and perhaps even unfavor- 
ably affect) survival, were used with similar frequency 
in elderly and young patients. These 2 classes of agents 
were used more frequently overall than some agents 
that have been clearly demonstrated to reduce mortali- 
ty or morbidity such as thrombolytic agents and 6 
blockers. 

Numerous studies (including the one by Montague 
et al) have demonstrated that increasing age is strongly 
correlated with increasing rates of mortality and mor- 
bidity (such as heart failure and stroke) in patients with 
myocardial infarction and with other cardiovascular 
conditions (such as heart failure and hypertension). 
The higher risk of the elderly would argue for a more 
aggressive approach to managing these patients. Why 
then are the elderly not treated more aggressively? 

1. Fears of adverse reactions: Physicians often be- 
lieve that most interventions produce greater adverse 
effects in elderly patients and that the potential for ben- 
efit is lower compared with younger patients. In the 
absence of controlled data on adverse effects, investiga- 
tors have compared the rates of a particular adverse 
outcome in elderly and younger patients (instead of us- 
ing untreated, age-matched or randomly selected con- 
trol subjects). Often such studies have claimed that ad- 
verse effects potentially attributable to the drug occur 
more frequently in the elderly (implying that the haz- 
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ards of treatment are greater in this group). For exam- 
ple, some uncontrolled studies observed that older pa- 
tients died or developed a stroke more often than youn- 
ger patients after thrombolytic therapy.” Consequently, 
it was suggested that thrombolytic agents may not be 
beneficial in the elderly. In a large randomized con- 
trolled study that included patients irrespective of age, 
the trends toward more strokes and deaths were age- 
related and were seen in both treated and untreated 
elderly patients.’ However, compared with placebo, 
thrombolytic therapy reduced the risk of death without 
increasing the risk of stroke in all age groups—even 
those aged >70 years. In fact, the absolute decrease in 
mortality was greatest among the elderly. The risk of 
major bleeding complications was not related to age. 

The elderly constitute a heterogeneous group in 
their pharmacokinetic and biologic response to a num- 
ber of drugs. Some of these patients require drug dos- 
ages that are similar to those used for younger adults, 
whereas others may need smaller doses, e.g., half the 
regular dose. This may be due to differences in renal 
clearance or hepatic metabolism of the drug or differ- 
ences in sensitivity of the target organ to the same drug 
concentrations. This heterogeneity represents a problem 
in the assessment of both efficacy and safety. The el- 
derly have a number of concomitant conditions that 
may require many other drugs. This increases the po- 
tential for drug interactions. Therefore, the net benefit 
of an intervention can only be assessed by directly ob- 
taining data in the elderly. It is only recently that the 
U.S. Food and Drug Administration has required spe- 
cial investigations of the elderly as part of the drug ap- 
proval process. 

The Systolic Hypertension in the Elderly Program 
(SHEP) is a good example of a trial tailored to older 
adults.? The diuretic dose, 12.5 mg of chlorthalidone, is 
half the initial recommended adult dose. About half of 
the actively treated participants responded with an ade- 
quate reduction in systolic blood pressure with this ini- 
tial dose and adverse effects were kept to a moderate 
level. The trial indicated that treatment of the elder- 
ly patient with isolated systolic hypertension reduces 
strokes and coronary artery disease despite using a low- 
er dose of diuretic. The trial also showed that approxi- 
mately 86% of the participants randomized to the pla- 
cebo group had complained of adverse effects. About 
one-fourth of these were described as being intolerable. 
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This high frequency of complaints in the elderly 
population makes it very difficult for the clinician to 
estimate the true incidence of drug-induced side effects. 
It would be almost impossible in an individual case to 
determine whether certain symptoms or complications 
are drug effects or are simply related to the patient’s 
own condition. Thus, it may be tempting to withhold 
potent compounds in elderly subjects. This may be es- 
pecially true when the intervention is preventive, since 
the benefits are silent (e.g., the specific patient in whom 
a stroke is preventable with antihypertensive therapy 
cannot be identified, whereas when a patient reports 
adverse effects, they may readily be attributed to the 
drug). This is best expressed by the aphorism “Preven- 
tion is silent; whereas side effects are vocal.” 

When the goal of treatment is symptomatic relief, 
the clinician can project the overall treatment response 
by weighing the observed symptomatic benefit against 
the potential for harm. The finding of the study by 
Montague et al—that drugs with potential to relieve 
specific symptoms or signs (e.g., calcium antagonists or 
antiarrhythmic drugs) are used more often than drugs 
that may save lives, but may produce adverse effects 
—support such an interpretation. 

2. Paucity of data: [here are few data regarding the 
effects of various drug therapies and surgical interven- 
tions in elderly patients. Most randomized trials (small 
or large) have focused on young and middle-aged per- 
sons and have often excluded the elderly. For example, 
most clinical trials of cholesterol-lowering therapy ex- 
cluded subjects aged >65 years. Yet, 83% of all deaths 
due to cardiovascular causes occur in persons >65 
years.'° Two of the 3 larger trials of coronary artery 
bypass graft surgery only included persons <65,!!!2 
and the third!? had insufficient elderly patients to pro- 
vide a reliable answer in this subgroup. Yet, 52% 
(191,000 of 368,000) of the patients undergoing these 
procedures in 1989 in the U.S. were >65 years of 
age.'4 Most trials of thrombolytic agents and 8 blockers 
excluded patients >70 or 75 years. Yet, the available 
data with these agents indicate that treatment is at least 
as effective in the elderly as in younger patients.!> The 
exclusion of elderly patients from previous, controlled 
trials evaluating various interventions has hampered our 
ability to assess the benefits and risks of treatment in 
this population. 

3. Attitude of physicians and expectations of pa- 
tients: A high proportion of physicians believe that life- 
style interventions either may not be beneficial or mini- 
mally beneficial in persons >65 years.!6 A similar atti- 
tude may extend to other interventions and may be 
translated into a reticence to be “aggressive” with other 
preventive treatments or strategies. The average life ex- 
pectancy of a 65 year old is an additional 16.9 years 
and for a 75 year old is an additional 10.7 years.!7 


Many of these persons are active and pursue vigorous 
and productive lives. In such cases, prolongation of life 
by a few years may still be considered worthwhile. In 
older patients, (e.g., >80 years), while prolongation of 
survival by simple means may be worthwhile, the 
avoidance of disability and morbidity and the mainte- 
nance of functional capacity deserve significant at- 
tention. 

Need to obtain reliable information in the elderly: 
The elderly are the fastest growing segment of the pop- 
ulation in most western and several developing coun- 
tries. For example, the proportion of persons >65 years 
is expected to increase from 12.6% in 1990 to 17.7% by 
2020 in the U.S.!” Similar trends are predicted for sev- 
eral other countries. Consequently, diseases that are 
common in the elderly will demand our increasing at- 
tention. Already, about two-thirds of the health care 
expenditures for heart disease in the U.S. are for those 
>65 years. In 1987, of a total expenditure of 34.0 bil- 
lion dollars for heart disease, 22.3 billion dollars were 
spent on those >65 years. About one-fifth of health 
care costs in the elderly are incurred in the last 6 
months of an individual’s life.!8 It therefore appears 
that a significant proportion of health care efforts are 
focused on prolonging the process of dying rather than 
in facilitating the process of leading an active and pro- 
ductive life. Increasing efforts at prevention of coronary 
artery disease, common cancers, osteoporosis and frac- 
tures are probably the best ways to increase the active 
and productive life of elderly subjects. Once a condition 
such as myocardial infarction or heart failure develops, 
many effective therapies (e.g., aspirin in myocardial in- 
farction or angiotensin-converting enzyme inhibitors in 
heart failure) may not only prolong survival but may 
also reduce morbidity. The costs of using these inter- 
ventions (especially some inexpensive drugs such as 
diuretics, 8 blockers or aspirin) may be offset by avoid- 
ing prolonged or repeated hospitalizations and other in- 
stitutionalized care. 

Not only do we need to know the effect of various 
preventive strategies on mortality and morbidity in the 
young and elderly, information on adverse effects, their 
impact on health-related quality of life and on health 
care costs, is also essential in justifying the use of a 
specific intervention. Reliable information on the effects 
of interventions in the elderly will only emerge if future 
randomized trials include an appreciable proportion of 
elderly patients. For interventions with demonstrated 
value in young persons, specific and separate trials in 
the elderly would be appropriate (e.g., Systolic Hyper- 
tension in the Elderly Program? and the European 
Working Party on Hypertension in the Elderly!®). For 
new interventions, we recommend that trials use broad 
entry criteria that do not restrict elderly subjects. Even 
when age is not a specific exclusion criterion, exclusions 
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based on the presence of other diseases such as pulmo- 
nary, renal or liver diseases tend to selectively restrict 
entry of the elderly. If these concomitant conditions are 
not clear contraindications to the use of the test inter- 
vention and the treatment is likely to be considered in 
such patients, then inclusion of these patients in the 
study will be the only way of obtaining reliable and 
valuable clinical information. Moreover, trials in the el- 
derly should provide information on the impact of treat- 
ment on mortality, morbidity and on daily activities, 
mood and functional capacity. Availability of reliable 
information is a fundamental step toward developing 
rational guidelines for therapy in the elderly. 


REFERENCES 

1. Montague T, Ikuta R, Wong R, Bay K, Teo K, Davies N. Risk and patterns of 
practice in acute myocardial infarction 1988-1989: comparison of younger versus 
older patients. Am J Cardiol 1991;68:843-847. 

2. Yusuf S, Wittes J, Friedman L. Overview of results of randomized clinical 
trials in heart disease. I. Treatments following myocardial infarction. JAMA 
1988;260:2088-2093. 

3. Yusuf S, Wittes J, Friedman L. Overview of results of randomized clinical 
trials in heart disease. II. Unstable angina, heart failure, primary prevention with 
aspirin, and risk factor modification. JAMA 1988;260:2259-2263. 

4. Held PH, Yusuf S, Furberg CD. Calcium channel blockers in acute myocardial 
infarction and unstable angina: an overview. Br Med J 1989;299:1187-1192. 
5. Cardiac Arrhythmia Suppression Trial (CAST) Investigators. Preliminary 
report: effect of encainide and flecainide on mortality in a randomized trial of 
arrhythmia suppression after myocardial infarction. N Engl J Med 1989;321: 
406-412. 

6. Teo KK, Yusuf S, Furberg CD. Effect of antiarrhythmic drug therapy on 
mortality following myocardial infarction (abstr). Circulation 1990;82(suppl 
II): 111-197. 


7. Ganz W, Geft I, Shah PK, Lew AS, Rodriguez L, Weiss T, Maddahi J, 
Berman DS, Charuzi Y, Swan HJC. Intravenous streptokinase in evolving myo- 
cardial infarction. Am J Cardiol 1984;53:1209-1216. 

8. ISIS-2 (Second International Study of Infarct Survival) Collaborative group. 
Randomized trial of intravenous streptokinase, oral aspirin, both or neither among 
17,187 cases of suspected acute myocardial infarction: Lancet 1988;2:349-360. 
9. Systolic Hypertension in the Elderly Program (SHEP) Cooperative Research 
Group. Prevention of stroke by antihypertensive drug treatment in older persons 
with isolated systolic hypertension: final results of SHEP. JAMA 1991;265:3255- 
3264. 

10. National Center for Health Statistics. Advance report of final mortality 
statistics, 1988 monthly vital statistics report. vol 39, no 7 suppl. Hyattsville, Md: 
Public Health Service 1990:1-48. 

11. CASS Principal investigators and their associates. Coronary artery Surgery 
Study (CASS): a randomized trial of coronary artery bypass surgery. Survival 
data. Circulation 1983;68:939-950. 

12. European Coronary Surgery Study Group. Long-term results of prospective 
randomized study of coronary artery bypass surgery in stable angina pectoris. 
Lancet 1982;2:1173-1180. 

13. Detre KM, Hultgren HN, Takaro T. VA cooperative study of coronary 
arterial occlusive disease II]. Methods and baseline characteristics including expe- 
rience with medical treatment. Am J Cardiol 1977;40:212-225. 

14. Graves EJ. 1989: Summary. National Hospital Discharge survey. Advance 
data from vital and health statistics. no 199. Hyattsville, Md. National Center for 
Health Statistics 1991:1-12. 

15. Yusuf S, Sleight P, Held P, MacMahon S. Routine medical management of 
acute myocardial infarction: lessons from overviews of recent randomized con- 
trolled trials. Circulation 1990;82(Suppl II):IH-117-H1-134. 

16. Black JS, Sefcik T, Kapoor W. Health promotion and disease prevention in 
the elderly. Comparison of house staff and attending physician attitudes and 
practices. Arch Intern Med 1990;150:389-393. 

17. U.S. Bureau of the Census. Current population reports, series P-25, no. 1018. 
Projections of the population of the United States by age, sex and race: 1988 to 
2080 by G. Spencer. U.S. Government Printing Office, Washington, DC, 
1989:1-17. 

18. Riley G, Lubitz J, Prihoda R, Rabey E. The use and costs of medicare services 
by cause of death. Inquiry 1987;24:233-244. 

19. Amery A, Birkenhager W, Brixko P, Bulpitt C, Clement D, Deruyttere M, et 
al. Mortality and morbidity results from the European Working Party on High 
Blood Pressure in the Elderly trial. Lancet 1985;1:1349-1354. 


956 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 OCTOBER 1, 1991 





Value of the Electrocardiogram for Prediction of Left Ventricular 
Mural Thrombus in Anterior Wall Acute Myocardial Infarction 
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and Samuel Sclarovsky, MD 


common complication of anterior acute myocar- 

dial infarction (AMI). The estimated incidence 

of LV thrombus in this setting may be as high as 46%.! 
Blood stasis, which is promoted by severe wall motion 
abnormalities and significant LV dysfunction, favors the 
appearance and propagation of LV thrombus.’ Recently, 
it has been shown? that the electrocardiogram at rest 
after AMI could be used to predict the presence or ab- 
sence of LV thrombus. In the present study, we extended 
this observation and determined whether there is a corre- 
lation between the electrocardiographic evolution of an- 
terior Q-wave AMI and the presence of LV thrombus. 
Eighty-two consecutive patients (67 men and 15 
women, mean age 60 + 13 years) presenting between 
October 1988 and May 1990 who had had a first 
anterior Q-wave AMI composed the study population 
and were prospectively studied. Forty-seven patients 
were treated with thrombolytic therapy (tissue plas- 
minogen activator or streptokinase) followed by con- 
tinuous infusion of heparin 1,000 IU/hour if they ful- 
filled the accepted indications for thrombolysis; 4 
patients with bundle branch block and 2 with cardio- 
myopathy were excluded. All patients presented with- 
in 12 hours after the onset of chest pain and the 
diagnosis of anterior AMI was based on the classic 
triad of severe chest pain, evolving ST-T changes 
and increase in the serum concentrations of cardiac 
enzymes. Twelve-lead echocardiographic recordings 
were obtained every 12 hours for the first 48 hours, 
and once daily during the remainder of the hospital- 
ization period. For the purpose of the present study, 
the electrocardiograms of the second to the fifth day 
were carefully analyzed. The ST segment and the T 
wave of the precordial lead with most prominent 
changes were chosen for analysis. The ST segment 
measured 60 ms after the J point. ST-segment eleva- 
tion was defined only when the ST-segment shift was 
>I mm. The presence of ST-segment elevation and 
the direction of the T wave (positive or negative) from 
the second to the fifth day after AMI were correlated 
with the presence or absence of LV thrombus. Two- 
dimensional echocardiography was performed on the 
fifth day after AMI using a Hewlett-Packard 7720 A 


l eft ventricular (LV) thrombus formation is a 
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with a 3.5-MHz transducer. LV thrombus was de- 
fined as a discrete mass of echoes in the left ventricle 
that was distinct from the endocardium, seen in both 
systole and diastole, located in an area of asynergy, 
and identified in 22 different views.4°> The diagnosis 
was confirmed by 2 independent observers who were 
unaware of electrocardiographic data. We calculated 
the sensitivity, specificity, and positive and negative 
predictive values of the various electrocardiographic 
variables for the presence or absence of LV thrombus. 
LV thrombus was found in 24 (29%) patients of the 
studied population. Patients with or without LV 
thrombus were similar in terms of age and sex (Table 
I). There was no significant difference in the rate of 
LV thrombus formation between patients who were 
and were not treated with thrombolysis. 
ST-segment elevation on the second day after AMI 
was found in 41 (50%) patients, was highly sensitive 
(96%) and demonstrated positive predictive values of 
38% for the presence of LV thrombus, whereas the 
negative predictive value was 96% (Table II). ST- 
segment elevation and positive T wave, which re- 
mained elevated and positive continuously from the 
second to the fifth day (Figure 1A), was found to be 
highly specific (93%) and to have the highest positive 
predictive value (71%) for the presence LV thrombus. 


TABLE | Patient Characteristics and Electrocardiographic 
Results in 82 Patients With First Anterior Acute Myocardial 
Infarction With and Without Left Ventricular Thrombus 


Pts. With 
LV Thrombus 
(n = 24) 


Pts. Without 
LV Thrombus 


Variables (n = 58) 


Age (years) 
Sex (men/women) 
ECG on day 2 
ST elev. 
ST elev. T pos. 
ST elev. T neg. 
ST iso. T neg. 


ECG on day 5 
ST elev. 
ST elev. T pos. 
ST elev. T neg. 
ST iso. T neg. 
ECG days 2—5 
Pos. T1-5 
Neg. T1-5 
ST2 T2 — ST5 T5 
ST2 T2 — ST5 T5 


ECG = electrocardiogram; LV = left ventricular; Pos. Ti-5 = positive T wave 
continuously during 5 days; ST elev. = ST-segment elevation; ST iso. = ST-segment 
isoelectric; ST2 T2 — STs Ts = ST segment and T wave are continuously elevated and 
positive (Figure 1A); ST2 T2 — STs Ts (see Figure 1B); T neg. = negative T wave; T pos. 


= positive T wave. 


99. 2°12 
21/3 


23 (96%) 

18 (75%) 
7 (29%) 
O (0%) 


19 (79%) 

18 (75%) 
3 (12%) 
2 (8%) 


13 (54%) 
1 (4%) 
10 (42%) 
7 (29%) 


62+ 14 
46/12 


36 (62%) 
14 (24%) 
25 (43%) 
14 (24%) 


33 (57%) 
19 (33%) 

8 (14%) 
10 (17%) 


7 (12%) 
15 (94%) 
4 (7%) 
18 (31%) 
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| TABLE II Value of Electrocardiographic Evolution in Predicting 
Presence of Left Ventricular Thrombus in 82 Patients with First 
Anterior Acute Myocardial Infarction 


Predictive Values 





Positive 
(%) 


Sensitivity Specificity 


(%) 


Negative 






Variables 





ECG on day 2 
ST elev. 96 38 39 96 


ST elev. T pos. 19 76 56 88 
ECG on day 5 

ST elev. 79 43 37 87 

ST elev. T pos. 75 67 49 87 
ECG days 2—5 

Positive T1-5 65 85 65 85 

ST2 T2 — STs T5 42 93 71 79 





Abbreviations as in Table I. 


Continuously positive T waves during the 5 days of 
AMI were found in 20 (24%) patients and gave posi- 
tive predictive value of 65% for the presence of LV 
thrombus. None of the 14 (17%) patients with an 
isoelectric ST segment and negative T waves on the 
second day (Figure 1C) had LV thrombus, and only | 
(4%) patient of 16 (20%) with continuously inverted T 


- 


Precordial Lead 





FIGURE 1. Precordial electrocardiograms describing 3 differ- 
ent types of electrocardiographic evolution in patients with an- 
terior acute myocardial infarction: A, persistent ST elevation 


and negative T waves—minimal chances for left ventricular 
thrombus. 


waves during 5 days was found to have LV thrombus. 
The sensitivity of ST-segment elevation with negative 
T waves either on the second or fifth day was very low 
for LV thrombus (29 and 22%); although the T wave 
became positive again after it inverted on the second 
day (Figure 1B), the sensitivity still remained low 
(29%). We could not find any correlation between the 
size and the variety of the thrombi and the electrocar- 
diogram. 

The present study was undertaken to determine 
whether a correlation could be found between the elec- 
trocardiographic evolution of first anterior Q-wave AMI 
and the presence or absence of LV thrombus. Our results 
show that if the ST segment and T wave remain elevated 
and positive during the first 5 days of infarction, the 
chance of having developed LV thrombus are >70%; 
however, once the ST segment returns to the baseline and 
T waves invert, the chances for LV thrombus are mini- 
mal. Only 1 recent study? tried to use the electrocardio- 
gram at rest after AMI to predict the presence of LV 
thrombus diagnosed by contrast left ventriculography. It 
was found that patients with anterior AMI and Q waves 
in leads I or aVL have a 56% chance of having developed 
LV thrombus, whereas patients without these electrocar- 
diographic abnormalities have only a 16% probability of 
having LV thrombus occur. It was postulated that pa- 
tients with Q waves in leads I or aVL, after anterior 
AMI, had significant LV distortion, presumably due 
to anterolateral extension or expansion. In the pres- 
ent study, we used different electrocardiographic varia- 
bles — the ST segment and the direction of the T wave 
for predicting the presence of LV thrombus—and found 
higher positive and negative predictive values for the 
presence of LV thrombus. A previous study® identi- 
fied ST-segment normalization as an important clinical 
marker of reperfusion in patients treated with thrombo- 
lysis. We assume that our patients with isoelectric ST 
segment and inverted T waves on the second day had 
successful reperfusion and thus lesser LV dysfunction, 
which explains the absence of LV thrombus. Patients 
with persistent ST-segment elevation and positive T 
waves presumably had unsuccessful reperfusion and thus 
had severe LV distortion and dyskinesia which promotes 
thrombus formation. The possible presence of an expan- 
sion or extension should be considered as well. 

The role of the direction of the T wave in identifying 
reperfusion has not been emphasized in published re- 
ports. We found that once the T wave inverts during the 
first 5 days of infarction, the chances of developing LV 
thrombus are low, even if the ST segment is still elevated. 
We believe that the inverted T wave with an ST segment 
still elevated after infarction may be a sign of partial or 
late reperfusion or collateral circulation. However, these 
assumptions await further confirmation in the future. 
These simple electrocardiographic findings have some 
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clinical application, especially in coronary care units 
where echocardiographic study is not available for every 
patient with AMI. Persistent ST-segment elevation and 
positive T waves should alert the physician to the possibil- 
ity of LV thrombus and the need for echocardiographic 
study, whereas LV thrombus can be excluded almost 
safely in those with isoelectric ST segment and inverted T 
waves. 
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Platelet Function and Plasma Lipid Levels in Patients with Stable and 


Unstable Angina Pectoris 


Elena J. Vasilieva, MD, Alexander V. Shpector, MD, Aleksey B. Raskuragev, MD, Svetlana S. 


Lekochmacher, PhD, and Inna A. Bespalko, MD 


e investigated 2 groups of patients with angi- 
na pectoris — those with chest pain only on 
exertion (stable) and those with chest pain at 
rest (unstable) — to determine if platelet function and 
serum lipid levels were similar or different between the 2 
groups. 
We studied 25 patients (22 men and 3 women, aged 
35 to 70 years) with coronary artery disease; the diag- 
nosis was established on the basis of typical clinical 
manifestations, and exercise stress testing following 
the Bruce protocol! and data from 24-hour Holter 
monitoring. Monitoring was performed using a Medi- 
log MA-14 monitor (Oxford Medical Systems). The 
electrocardiogram was recorded using 2 leads: the 
first pair of electrodes was placed under the second rib 
to the right of the chest and at the heart apex; the 
second one was placed under the fourth rib to the right 
of the chest and under the left clavicle. All patients 
kept a detailed diary and were instructed to activate 
the event button on the tape recorder when experienc- 
ing anginal chest pain so as to identify possible symp- 
tomatic ischemic episodes. The tapes were analyzed 
visually by 2 experts at 60 times normal speed and 
trend curves of ST-segment deviation and heart rate 
were obtained for the entire monitoring period. Epi- 
sodes of interest were printed for final evaluation. We 
considered transient ST-segment deviation >1 mm, 
80 ms after the J point, and a duration of at least 1 
minute as ischemic. 
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At all examinations, blood was collected by vena- 
puncture of the cubital vein with a 19-gauge needle in 
the morning after 14 hours of fasting. Blood was col- 
lected without an anticoagulant for lipid analysis and 
with 3.8% sodium citrate (9:1) for all other analyses. 

Total cholesterol, low- and high-density lipopro- 
tein cholesterol and total triglycerides were measured 
in plasma samples using a Boehringer Mannheim kit 
on an Opton spectrophotometer. 

Platelet aggregation was induced by adenosine di- 
phosphate (2 X 1075 M) and by ristocetin (1.5 mg/ml) 
using Born’s technique,’ and measured using an Elvi- 
840 aggregometer. The aggregation was estimated by 
its half-maximal amplitude and the time required to 
achieve it. 

The Von Willebrand factor activity was measured 
using formaldehyde-fixed platelets and the microti- 
tration technique. Fibrinogen was measured using 
the Boehringer Mannheim kit and hematocrit was 
determined by the standard method. 

Statistical analysis was performed by means of 
Student’s t test and the chi-square method. 

According to patient’s complaints, in 6 angina was 
effort-related (stable) and in 19 angina occurred at 
rest (unstable). For more accurate division into these 
groups, we used Holter 24-hour monitoring. 

Patients who had an increase in heart rate before 
attacks of angina or episodes of silent myocardial 
ischemia, or both, formed group 1 (stable angina). 
Others were included in group 2. Each patient in this 
group had at least | episode of angina (in which there 
was no increase in heart rate before such attacks) or 
episodes of silent myocardial ischemia, or both. Pa- 
tients whose increase in heart rate started simulta- 
neously with attacks of angina or started later formed 
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TABLE I Platelet Function and Plasma Lipid Level in Patients with Stable and Unstable Angina Pectoris 


Platelet Aggregation 


Ristocetin 
(1.5 mg/ml) 


Angina 


Total LDL HDL 


ADP (1075 M) 


Age (yr) Duration Com- vWf 
Pt. &Sex (yr) plaints % i ta 


46M 
50M 
62M 
54M 
62F 
45M 
46M 
57M 
70M 
10 58M 


Mean 55 +3 


126 

151 12 
186 55 
205 5 
218 30 
221 55 
235 58 
247 80 
248 50 
274 85 


ONaaFrWNY 


Ko] 
($i ITEN pN e a (OOO Ga Ohi A 


+1 


50M 
58M 
58F 
54M 
o3F 
60M 
52M 
35M 
48M 
52M 
56M 
49M 
40M 
35M 
57M 


Mean 51+2 4+1 
*p < 0.001; tp < 0.02; tp < 0.01. 


52 

44 

49 

253 39 

274 43 

284 42 
303 50 50 
330 51 55 
343 44 7 
356 51 31 
380 53 40 
385 50 15 
413 59 3 
444 49 45 
444 48 23 


321+ 24* 48+1 26+7 4+1 


oaonkr bob Or BRR WRN Oo 
DADA AA DwAA A Awa wa 
anbn WPWON ON PWDND FS 


Chol. 
(mg/dl) 


Chol. 
(mg/dl) 


Fibrinogen Chol. 
(mg/dl) (mg/dl) 


Trigl. 
(mg/dl) 


311 
320 
266 
333 
266 
340 
303 
377 
311 
333 


263 
391 
252 
240 
202 
290 
259 
306 171 
272 138 
244 76 


221 
253 
135 
154 
180 
224 
171 


184 
291 
200 
168 
129 
212 
183 
226 
207 
175 


340 
280 
399 
311 
311 
280 
266 
400 
377 
330 
288 
355 
377 
400 
266 


232 
212 
260 
240 
274 
224 
176 
230 
240 
137 
237 
267 


173 
145 
194 
169 
207 
151 
105 
139 
174 
107 
184 
225 
204 Lay 
260 182 
182 82 


MNAR WH WEEK WN WNHNY DY W 


87 +3 2+0.3t 332+14 225+ 10 178+ 25 161+10 34+3 


ADP = adenosine diphosphate; Chol. = cholesterol; E = complains only of effort-related angina; HDL = high-density lipoprotein; Ht = hematocrit; ia = maximal amplitude of 
platelet aggregation (percent); LDL = low-density lipoprotein; R = complains of angina at rest; ta = time (minutes) required to achieve ia; Trigl. = triglycerides; vWF = von Willebrand 


factor. 


group 2, because it seemed that tachycardia devel- 
oped secondary to pain and was not the cause of isch- 
emia. According to this division, 10 patients formed 
group I and 15 patients group 2. 

Holter monitoring identified effort-related (sta- 
ble) angina in 4 of 10 patients. The complaints of 
these 4 were previously thought to be angina at rest 
(patients 2, 3, 5 and 8 from group 1) (Table 1). 

We found the levels of von Willebrand to be much 
higher in group 2 than in group | patients (Table I). 
No patient from group 1 had von Willebrand factor 
>300% of the average value for control donors, 
whereas 9 of 15 patients from group 2 had von Wille- 
brand factor higher than that level (p <0.01, chi- 
square). The level of fibrinogen, hematocrit and aden- 
osine diphosphate-induced platelet aggregation did 
not differ much in both groups, but platelet aggrega- 
tion using ristocetin was higher in group 2. The levels 





of total cholesterol and low-density lipoprotein cho- 
lesterol were higher in group 1 than in group 2 (Ta- 
ble I). 

It was shown in this study that changes in plasma lipid 
levels were greater in patients with stable than unstable 
angina. In contrast, the parameters of platelet hemostasis 
were more altered in patients with unstable angina. The 
most striking difference between groups was in the aver- 
age level of the von Willebrand factor: much higher in 
group 2 than in group 1. This protein plays a major role 
in platelet adhesion. We previously showed an increase in 
the von Willebrand factor and in platelet adhesion and 
spreading in more than half of our patients with coronary 
artery disease.*° 

It is known that the reason for effort angina (or effort- 
related silent ischemia) is the imbalance between oxygen 
demand and coronary blood flow due to the atheroscle- 
rotic changes in coronary arteria.®’ The reason for at- 
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tacks of angina at rest may be transient reduction of 
coronary blood flow due to coronary spasm or thrombus 
formation.®.? The activation of platelets in group 2 can 
play a major role not only in the formation of platelet 
aggregates, but also in the development of coronary 
spasm, producing such vasoconstrictors as thromboxane 
A>, serotonine and others.?!° 

This study suggests that alteration of plasma lipid 
levels plays a main role in the development of effort- 
related angina due to increased oxygen demand, and 
changes in platelet function may be of major importance 
in the episodes of angina at rest due to transient reduction 
in coronary blood flow. 
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Two-Dimensional Echocardiographic Characteristics of Pericardial 
Hematoma Secondary to Left Ventricular Free Wall Rupture 
Complicating Acute Myocardial Infarction 


Martin Brack, MD, Richard W. Asinger, MD, Scott W. Sharkey, MD, Charles A. Herzog, MD, 


and Morrison Hodges, MD 


upture of the left ventricular (LV) free wall is a 

common complication of acute myocardial in- 

farction (AMI) and accounts for up to 10% of 
hospital deaths.' Infarct expansion may precede rup- 
ture,” whereas the rupture itself is usually associated with 
rapid hemodynamic deterioration from cardiac tampon- 
ade and leads to death. The potential for salvage of such 
patients is poor; however, under favorable circumstances 
(early identification and optimal hemodynamic support), 
some patients survive emergency surgical repair.* Cases 
have been reported where echocardiography contributed 
to the diagnosis by demonstrating intrapericardial echo- 
densities and moderate effusion.*-!° This report describes 
our observations of the 2-dimensional echocardiographic 
characteristics of LV free wall rupture in 7 patients with 
AMI. 

Over a 7-year period, 7 patients (5 men and 2 
women, mean age 67 years, range 60 to 85) had docu- 
mented or probable myocardial rupture complicating 
AMI with 2-dimensional echocardiography during 
acute hemodynamic deterioration. In6 patients, a tear 
of the LV free wall was seen by surgery or autopsy. In 
the remaining patient, an expanding infarct was noted 
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County Medical Center, 701 Park Avenue, Minneapolis, Minnesota 
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echocardiographically culminating in sudden hemo- 
dynamic compromise with echocardiographic fea- 
tures typical of pericardial hematoma. 

The diagnosis of AMI was based on history of 
chest pain, serial electrocardiograms and serum car- 
diac enzyme levels. Three patients underwent emer- 
gent angiography, and each showed an occluded prox- 
imal epicardial coronary artery. In patients 2,6 and 7, 
chest pain was followed immediately by cardiogenic 
shock, suggesting that infarction may have occurred 
earlier and that their initial clinical presentation was 
myocardial rupture. Acute hemodynamic deteriora- 
tion occurred | day after admission in patient 5, and 
at five days in patients 1 and 3. Patient 4 collapsed 
during the recovery period after an exercise test on the 
tenth day of an otherwise uncomplicated inferior wall 
AMI. The time from the initial onset of chest pain to 
the apparent rupture ranged from 10 hours to 10 
days. In all 7 patients, hemodynamic deterioration 
was rapid, but the patients could be supported for at 
least 1 hour after echocardiographic detection of peri- 
cardial hematoma in 6 patients. 

Two-dimensional echocardiograms were obtained 
with either an ATL Mark III mechanical sector scan- 
ner (Advanced Technology Laboratories) or an HP 
77020A phased-array sector scanner ( Hewlett-Pack- 
ard). A limited echocardiographic examination was 
performed using at least the subcostal window (modi- 
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| TABLE I Summary of Echocardiographic Findings 


Anterior Pericardial 
Space 





















Echo- 


Age Dense With Diastolic WMA-LV 
Pt. (yr)& Dmax Parallel Move- RV Suspected 
No. Sex (cm) Layer ment Fluid Collapse Region 





1 + + + + Anteroseptal* 
2. 64F. 28 + + + + Lateral 

3 61M 2.4 + + + — Lateral 

4 70M 40 — — _ + —§ 

5 ~ SSM 2:7 + + + + Inferoposterior 
6 56M 1.8 + + + — —T 

7 Anteroseptal 






*Serial echocardiograms showed expansion of the infarct zone. 
tincreased echo density along the posterior wall of the LV near the atrioventricular 
groove without discrete wall motion abnormality. 

tLarger echo-free pericardial space in the only patient who received fibrinolytic 
therapy. 

§No mechanical activity detected at time of echocardiography. 

Dmax = maximal separation of visceral and parietal pericardium on the subcostal 
view; LV = left ventricular; RV = right ventricular; WMA = wall motion abnormality; + 
= present; — = absent. 


fied 4-chamber view). In patient 1, two systematic 
echocardiographic studies performed before acute he- 
modynamic deterioration documented progressive ex- 
pansion of an anterior infarction with regional dilata- 
tion and dyskinesia. In patient 4, no evidence of me- 
chanical myocardial contraction was noted. For the 5 
remaining patients, wall motion abnormalities were 





identified in 4, but in no patient was the actual site of 
myocardial rupture detected by echocardiography. 
Doppler echocardiography was not available for all 
patients. For those in whom pulsed or color flow im- 
aging, or both, was available, these studies were of 
little further diagnostic assistance because of the re- 
duced flow caused by hemodynamically significant 
pericardial hematoma and fluid. The maximal di- 
mension (in centimeters) of the pericardial hematoma 
and free fluid from the parietal to visceral pericardi- 
um were measured from the subcostal view. 

At the time of hemodynamic compromise, all pa- 
tients had similar 2-dimensional echocardiograms 
(Table I). The pericardial space was circumferential- 
ly filled with relatively echodense material (Figure 1), 
which on subcostal view measured 1.8 to 4.0 cm (mean 
2.7). This echodense material had an acoustic density 
distinctly higher than that of intracardiac blood and 
similar to that of intracardiac thrombus. This materi- 
al was slightly heterogeneous in appearance, fre- 
quently layered parallel to the cardiac surface, and 
moved independently back and forth parallel to the 
right ventricular free wall during the cardiac cycle. 
Variable amounts of echo-free space were noted. The 
] patient treated with a thrombolytic agent had the 
most echo-free pericardial space. A thin (0.2 to 0.3 


FIGURE 1. Two-dimensional 
echocardiograms from subcostal 
views of 4 patients: patients 1 
(upper left), 2 (upper right), 4 
(lower left) and 6 (lower right). 
Arrows indicate separation of 
parietal and visceral pericardi- 
um. Layering of the pericardial 
hematoma is noted in patients 1 
and 2. Patient 2 also shows a 
thin relatively echo-free space 
anterior to the right ventricular 
free wall, which probably repre- 
sents epicardial fat. The pericar- 
dial hematoma is homogenous in 


study). Patient 6 had received 
thrombolytic therapy and had 
the most echo-free area in the 
pericardial space. L = liver; 

LV = left ventricle; PH = pericar- 
dial hematoma; RA = right atri- 
um. 
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cm), relatively echolucent area covered the epicardi- 
um of 2 patients and probably represented pericardial 
fat; this was less echodense than the pericardial he- 
matoma and moved with the epicardium. 

The pericardial process was associated with tam- 
ponade in 5 patients. In patients 3 (the only long-term 
survivor after successful surgery) and 6, hypotension 
was present initially, but there was no other hemody- 
namic or echocardiographic evidence of tamponade. 

In 3 patients, percutaneous subxyphoid pericar- 
diocentesis was attempted. In 2 of the 3 patients, only 
a few milliliters of blood were obtained; in the third, 
20 ml. Pericardial aspiration did not improve the he- 
modynamics in any of these patients. 

Patients 1 and 2 were not recognized prospectively 
as having myocardial rupture, and both died. Five 
patients (nos. 3 to 7) were prospectively diagnosed 
with rupture based on clinical and echocardiographic 
findings, and were taken to surgery. Only patient 3 
was stable enough to undergo coronary arteriography 
followed by surgery and was the only long-term survi- 
vor. Surgical findings in all 5 patients included a 
distended pericardial sac filled with hematoma and 
small amounts of free blood. The tear in the infarcted 
zone was documented at surgery in all 5 patients. 
Autopsies performed in patients 2 and 7 also docu- 
mented myocardial rupture. 

The echocardiographic features of myocardial rup- 
ture were similar for all 7 patients and included pericardi- 
al hematoma with variable amounts of free pericardial 
fluid. The echodensity of the pericardial hematoma was 
greater than that of pericardial fat and was similar to 
that of normal liver or intracardiac thrombus. These 
hematomas were frequently layered and exhibited some 
mobility in conjunction with the cardiac cycle. The lay- 
ered appearance was prominent in patients who main- 
tained cardiac output. This observation suggests that 
continued cardiac motion was an important factor in the 
development of layering. In the 1 patient who was receiv- 
ing external cardiac massage at the time of echocardiog- 
raphy, the pericardial hematoma was massive, homoge- 
neous and immobile. The amount of echo-free pericardi- 
al fluid was minimal in these patients and was, in fact, 
absent in the | patient with electromechanical dissocia- 
tion during echocardiography. Patient 7 (the only patient 
who received thrombolytic therapy) had the most echo- 
free area. 

Besides finding the pericardial hematomas in these 7 
patients to be strikingly similar in echocardiographic ap- 
pearance, they were also of similar size; each showed a 
similar degree of separation of the visceral and parietal 
pericardium. This finding suggests that a relatively simi- 
lar volume of pericardial hematoma plus fluid accumu- 


lates before tamponade occurs. Although this volume 
must vary from patient to patient and be determined by 
the compliance of the pericardium, the amount was quite 
similar in all patients. 

The differential diagnosis of acute hemodynamic de- 
terioration in this clinical setting of AMI is limited. 
Echocardiography is effective in rapidly diagnosing acute 
structural abnormalities such as ruptured papillary mus- 
cle and acquired ventricular septal defect, and in assess- 
ing LV function. Our observations indicate that myocar- 
dial rupture also has typical echocardiographic findings, 
namely pericardial hematoma with varying amounts of 
free pericardial fluid. 

In the clinical setting of recent AMI, these echocar- 
diographic findings must be differentiated from several 
other processes. Pericarditis after transmural infarction 
may cause small to moderate pericardial effusions, but 
these are echo-free. Large pericardial effusion leading to 
cardiac tamponade after infarction is unusual and is not 
necessarily associated with acute hemodynamic deterio- 
ration. Pericardial hematoma can also be mimicked by 
pericardial fat, but this rarely exceeds 1.5 cm in thick- 
ness!! and may be regional. In contrast, our patients’ 
pericardial hematomas were circumferential and aver- 
aged 2.7 cm (range 1.8 to 4.0) in thickness. Fibrinous 
pericarditis in other clinical settings can also present as 
pericardial effusion with echodense material, but can be 
differentiated from pericardial hematoma because the 
effusions are less uniform and their strands are oriented 
perpendicular rather than parallel to the epicardium. !? 

In conclusion, in the setting of AMI with rapid hemo- 
dynamic deterioration, the echocardiographic findings of 
pericardial hematoma should suggest myocardial rup- 
ture. Transcutaneous pericardiocentesis is probably not 
of further diagnostic value and may be of little therapeu- 
tic benefit. Two-dimensional echocardiography can fa- 
cilitate the prompt diagnosis of myocardial rupture and 
minimize the time to emergency surgery. 
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Can Patients Discriminate Between Atrial Fibrillation and Regular 


Supraventricular Tachycardia? 


James W. Leitch, MB, BS, George J. Klein, MD, and 


he clinical diagnosis of the cause of palpitations in 

the absence of electrocardiographic documenta- 

tion relies on the patient’s description of the 
symptoms. Palpitations may be described as regular or 
irregular and some estimate of the their rapidity may be 
obtained. In conjunction with other observations, includ- 
ing duration, onset characteristics and precipitating fac- 
tors, a clinical diagnosis of arrhythmias such as paroxys- 
mal atrial tachycardia, atrial fibrillation‘or ectopic beats 
can be made.!~? The relation between these symptoms of 
tachycardia and actual arrhythmias has not been sub- 
jected to systematic evaluation. This pilot study exam- 
ined whether patients could reliably differentiate an ir- 
regular tachycardia (atrial fibrillation) from regular re- 
ciprocating tachycardia during an electrophysiologic 
study. In addition, the use of a simple analog scale to 
estimate tachycardia cycle length was evaluated. 

All patients with the Wolff-Parkinson-White syn- 
drome undergoing electrophysiologic study were eval- 
uated for participation. Patients were excluded if sus- 
tained reciprocating tachycardia and atrial fibrilla- 
tion were not inducible and if the patient was not able 
to communicate adequately. The electrophysiology 
study was performed in the nonsedated, fasting state 
as previously described.4 If atrial fibrillation did not 
occur during routine atrial stimulation, an attempt 
was made to induce it by pacing the right atrium at a 
cycle length of 50 to 200 ms for 1 minute. When 
tachycardia occurred, a 12-lead electrocardiogram 
was recorded simultaneously with administration of 
the questionnaire. 

The standard questionnaire was administered be- 
fore induction of tachycardia and then during each 
episode of tachycardia. Initially, the patient was 
asked whether the tachycardia was regular or irregu- 
lar. The patient was then asked to grade the heart rate 
during tachycardia on a scale from I to 10 where 1 
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represented normal heart beat and 10 represented the 
maximal possible heart rate. An analog scale from 1 
to 10 was fixed to the ceiling and the patient was 
asked to mark figuratively on this scale the tachycar- 
dia rate. To maintain single blindness, no monitor was 
visible to the patient and all tachycardias were de- 
scribed as “tachycardia” by laboratory personnel. 
The administrator of the questionnaire was not un- 
aware of the tachycardia characteristics. 

Each 12-lead electrocardiogram recorded a 10- 
second interval of tachycardia. For atrial fibrillation, 
the mean + standard deviation of the RR intervals 
over this period were calculated. Continuous variables 
were compared with the Wilcoxon rank-sum test or 
unpaired t test where appropriate. The relation be- 
tween tachycardia cycle length and the heart rate 
scale was evaluated with linear regression analysis. 
Frequencies were compared with the chi-square test. 
Continuous data are reported as mean + standard 
deviation. 

There were 23 patients (mean age 34 + 12 years). 
Nine patients had previously documented reciprocat- 
ing tachycardia, 2 patients had previously document- 
ed atrial fibrillation, 5 patients had both documented 
reciprocating tachycardia and atrial fibrillation, and 
7 patients had a history of palpitations only. The 
tachycardia cycle length for the first episode of recip- 
rocating tachycardia ranged from 250 to 400 ms 
(mean cycle length 326 + 34). There was no signifi- 
cant relation between the tachycardia cycle length and 
the patients grading of heart rate during tachycardia 
on the scale from 1 to 10 (regression equation y = 12 
— 0.02x, r = 0.28, p = 0.19). In 17 patients a second 
episode of tachycardia was induced. With the second 
tachycardia episode, there was again no significant 
relation between the tachycardia cycle length and the 
patient's grading (regression equation y = 13 — 0.02x, 
r = 0.30, p = 0.25). When all reciprocating tachycar- 
dias were included, a weak negative relation between 
tachycardia cycle length and the tachycardia grade 
became apparent (Figure 1). Logarithmic transfor- 
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mation of the tachycardia grading did not result 
in substantial improvement in the relation between 
tachycardia grade and cycle length. 

To assess the reproducibility of the grading, an 
index for each tachycardia was determined by multi- 
plying the tachycardia cycle length by the patient's 
grading. The index for the first and second episodes of 
tachycardia were then compared (Figure 2). There 
was a strong relation between the index of the first and 
the second tachycardia (regression equation y = —233 
+ 0.8x, r= 0.81, p = 0.001). 


FIGURE 1. Relation between tachycardia 
scale and actual tachycardia cycle length 
in 40 episodes of induced reciprocating 
tachycardia. There was a weak negative 
relation between tachycardia scale and 
tachycardia cycle length. 


tachycardia scale 


FIGURE 2. Reproducibility of tachycardia 


ing tachycardia scale by tachycardia cycle 
length. There was a strong relation be- 
tween index of the first and second tachy- 
cardia (p = 0.001). 


Index for tachycardia 1 


FIGURE 3. Box plot comparing the coeffi- 
cient of variation (CV) in patients with fi- 
brillation 


aries of the box, the interquartile range. E A 
Coefficient of variation of RR inter- 

vals was substantially higher, with fibril- Ae Reet 
lation described as irregular 


episodes 
(z — 2.465, p = 0.008). 





Twenty-one of the 23 initial reciprocating tachy- 
cardia episodes were described as regular and 13 of 
the 17 second reciprocating tachycardia episodes were 
described as regular. Eleven of the 22 episodes of 
atrial fibrillation were described as regular (p <0.001 
compared with all reciprocating tachycardia epi- 
sodes). The minimal and mean RR intervals of the 
fibrillation episodes described as regular (257 + 78 
and 388 + 115 ms, respectively) were not different 
from those episodes described as irregular (290 + 68, 
382 + 70 ms, p >0.1 for both comparisons). Fibrilla- 
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y= - 233 + 0.8x R=0.81 p=.001 


1000 2000 
Index for tachycardia 2 


3000 





BRIEF REPORTS 965 


tion episodes described as irregular had a substantial- 
ly higher RR interval coefficient of variation than the 
fibrillation episodes described as regular (23 + 7 
compared with 14 + 6%, p = 0.008, Figure 3). There 
was no significant relation between either the mean 
RR or the minimal RR interval of the fibrillation 
episodes and the tachycardia scale. 

In this study nearly all episodes of reciprocating 
tachycardia were described as regular. In contrast, only 
half the fibrillation episodes were correctly described as 
irregular. Therefore, the observation that sustained con- 
tinuous palpitations are irregular is likely to be fairly 
specific but insensitive for the diagnosis of atrial fibrilla- 
tion. As might be expected, the patient’s awareness of 
whether a tachycardia was irregular was clearly depen- 
dent on the actual irregularity of the heart rate but not 
directly on the tachycardia rate itself. The irregularity of 
fibrillation may vary considerably depending on auto- 
nomic factors, the atrial fibrillatory rate and properties of 
the atrioventricular node.> Some episodes of fibrillation 
may be minimally irregular and thus mistakenly per- 
ceived as regular by the patient. 

A linear scale from 1 to 10 was not useful in assessing 
tachycardia rate because of the marked interpatient vari- 
ation. The perception of heart rate is likely to vary consid- 
erably for a number of factors. The reproducibility of this 


scale within patients, however, was reasonable (Fig- 
ure 2). 

Because these results were obtained in the electro- 
physiologic laboratory, in a select population, they may 
be not reproduced with spontaneous clinical arrhythmias 
in other patient populations. In this setting, it was not 
possible to evaluate other factors such as tachycardia 
duration, onset characteristics and precipitating events 
that may be helpful in the clinical diagnosis of palpita- 
tions. Nevertheless, these data suggest that a history of 
sustained irregular palpitations is fairly specific for atrial 
fibrillation. A history of regular palpitations could be 
obtained with both paroxysmal atrial tachycardia and 
atrial fibrillation. 
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Cause of Acute 
Angioplasty 


Myocardial Infarction After Successful Coronary 


Richard Kerensky, MD, Michael Kutcher, MD, Michael Mumma, MD, Robert J. Applegate, MD, and 
MD 


William C. Little, 


now accepted as effective therapy for selected pa- 

tients with coronary artery disease.! It has been 
Suggested that patients with complete revascularization 
lower incidence of 
Subsequent myocardial infarction than those with incom- 
plete revascularization. However, it is not known wheth- 
er myocardial infarction after angioplasty is due to occlu- 


P ercutaneous transluminal coronary angioplasty is 


site that did not contain an obstructive lesion during 
angioplasty is an important cause of myocardial infarc- 
tion after successful angioplasty. If nonobstructive lesions 
are frequently the culprit, then complete revasculariza- 
tion would not prevent most myocardial infarctions. The 
purpose of this study was to determine if myocardial 
infarction after successful angioplasty is due to occlusion 
at the angioplasty site, at the site of an undilated obstruc- 
tive stenosis or at sites that were not obstructive during 
angioplasty. 

We reviewed the records of the 2,216 Patients who 
had undergone angioplasty at North Carolina Baptist 
Hospital from July 1981 to June 1990. Successful 
angioplasty was defined as angiographic success 


(<50% residual stenosis after angioplasty) without 


waves >40 ms, creatine kinase >180 with MB frac- 
tion, or the need Jor in-hospital coronary artery by- 
Pass graft surgery). Thirty-four patients had had 35 
myocardial infarctions >? weeks after successful an- 
gloplasty and had undergone another coronary angio- 
gram within 2 days of m vocardial infarction. In each 
case, myocardial infarction was documented b y pro- 
longed chest pain, followed by an elevated serum cre- 
atine kinase-MB. New electrocardiographic changes 
of myocardial infarction or new left ventricular wall 
motion abnormalities by ventriculography, or both, 
were present in all cases. 

`rom the Cardiology Section, Department of Medicine, Bowman Gray 
ichool of Medicine, Wake Forest University, Medica] Center Boule- 


ard, Winston-Salem, North Carolina 27157-1045. This Study was 
1pported in part by the Wuliger Angioplasty Research Fund, Winston- 


Selected coronary angiograms were obtained in 


angioplasty, and at the angioplasty site before and 
after angioplast yY was determined as a % diameter 
stenosis using the angiographic view in which the ste- 


normal arterial segment. 
Angiograms were reviewed to determine the degree of 
revascularization. Complete revascularization was 
defined as the dilitation of ali stenoses >50%. Incom- 
plete revascularization was defined as Successful dili- 


maining stenoses >50%, 

Data were expressed as mean + standard devi- 
ation. Comparison of groups was performed with Fi- 
scher’s exact or Student's t test. 

Thirty-four Patients were identified who had acute 
myocardial infarcts after successful angioplast y. One 
patient who had am yocardial infarction on 2 separate 
occasions after 2 Successful angioplasties was evaly- 
ated twice, for a total of 35 patients, The indications 
for angioplast Yy were culprit lesion of recent myocar- 
dial infarction in 22 patients (63%), unstable angina 
in 11 (31%) and chronic stable angina in 2 (6%). Six 
Patients in the group with recent m vocardial infarc- 
tion had received thrombolytic therapy. One-vesse| 
angioplasty was performed in 34 Patients and 2-ves- 
sel angioplast y in 1. Angioplast y was performed on 
the left anterior descending artery in 13 cases, the 
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right coronary artery in 15, the left circumflex artery 
in 7 and a saphenous vein bypass graft in i 

Twenty patients (57%) had complete revascular- 
ization after angioplasty. Fifteen patients (43%) had 
incomplete revascularization after angioplasty. In- 
complete revascularization was due to a chronic total 
occlusion in 4 patients. The remaining ll patients 
with incomplete revascularization had 1 or more 50% 
to 99% undilated stenoses after angioplasty. 

Twelve myocardial infarctions (34%) were due to 
occlusion at an angioplasty site. Twenty-three myo- 
cardial infarctions (64%) were due to occlusion at a 
site other than the angioplasty site. Only l myocardial 
infarction due to occlusion at a nonangioplasty site 
was due to occlusion in the angioplasty artery at a site 
distal to the angioplasty site. The remaining occlu- 
sions at nonangioplasty sites occurred in an artery not 
subjected to angioplasty. An example of the angio- 
grams obtained from l of the patients is shown in 
Figure 1. Of patients with occlusions al nonangio- 
plasty sites, only 3 of 23 U 3%) had > 50% stenosis at 
the site on the angiogram before infarction. In patients 












= 





FIGURE 1. Coronary angiograms right (A and B) 


and left (C and D) 
dilated (clear arrows). The left anterior 
stenosis that was not dilated 

ere is a Ty of right (E) and left (F and G) coronary ader S th 


with incomplete revascularization, 5 had myocardial 
infarction due to occlusion of an angioplasty site, 7 
had occlusion at the site of a previously nonobstruc- 
tive lesion and only 3 had occlusion at the site of an 
undilated stenosis (Figure 2). M yocardial infarctions 
due to occlusion at an angioplasty site occurred earli- 
er (128 + 165 days) than those due to occlusion al a 
nonangioplasty site (646 + 511 days; P <0.05). There 
was no difference in time 0. myocardial infarction if 
the occlusion occurred at the site of an undilated 
stenosis (453 + 347 days) or at the site of a previously 
nonobstructive lesion (657 + 577 days; p = not signif- 
icant). Three myocardial infarctions due to occlusion 
at a nonangioplasty site occurred early (<2 months) 
at sites that were nonobstructive during angioplasty. 

Medical therapy after angioplasty usually includ- 
ed aspirin and calcium antagonists. The cardiac risk 
factors and medications for the 2 groups are listed in 
Table I. 

Our study indicates that after successful angioplasty, 
most coronary occlusions occur at sites that would not 
have been considered for dilatation. In the majority of 





coronary arteries during right coronary -A 
descending artery has a 20% proximal 

3). The lef fiex artery (white arrow). Six hundred and 
after an anterior infarc- 

Y Aiusion of the proximal left anterior descending 
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patients, the site of subsequent occlusion did not contain 
an obstructive lesion during angioplasty. Eleven of the 35 
patients (31%) in this study had incomplete revascular- 
ization due to an undilated 51% to 99% stenosis (another 
4 had incomplete revascularization due to a total occlu- 
sion). Yet, myocardial infarction due to occlusion at 1 of 
these undilated stenoses occurred in only 3 cases. In the 
remaining patients, myocardial infarction was due to 
occlusion at the angioplasty site (3 patients) or at a 
previously nonobstructive site (5), whereas a more severe 
stenosis remained patent. Therefore, attempting to dilate 
all obstructive lesions with angioplasty would have poten- 
tially prevented myocardial infarction in only a small 
minority of our patients. 

Previous studies have yielded conflicting results as to 
the prognostic significance of incomplete revasculariza- 
tion with angioplasty.°-* Recent data have suggested that 
differences in survival and cardiac events between pa- 
tients with complete and incomplete revascularization 
are due to differences in baseline predictors of cardiac 
events, such as age, extent of disease and left ventricular 
function.> Many studies have suggested an increase in 
the need for subsequent revascularization procedures, 
but no increase in the incidence of myocardial infarction 
in patients with incomplete revascularization.®’ Thomas 
et alë found an increased incidence of exercise-induced 
ischemia after angioplasty in patients with incomplete 
revascularization compared with those with complete re- 
vascularization. These studies along with our data sup- 
port the concept that residual coronary stenoses can be 
predictive of recurrent ischemia and angina, but not nec- 
essarily predictive of the site of a subsequent occlusion 
leading to infarction. 

Twelve (34%) of our patients had a myocardial in- 
farction due to occlusion at the angioplasty site. In previ- 
ous studies, recurrent stenosis at the angioplasty site was 
found to occur in 25 to 40% of patients within 6 months 
after successful angioplasty. !.9:!° The clinical manifesta- 
tion of restenosis is usually recurrent angina. The timing 
of reocclusion at the angioplasty site in our patients with 
myocardial infarction was similar to patients with chron- 
ic restenosis. In 11 of 12 patients, occlusion at the angio- 
plasty site occurred within 6 months of angioplasty. One 
patient had a myocardial infarction due to late occlusion 
at the angioplasty site 605 days after angioplasty. 

The initial indication for angioplasty in 33 of 35 of our 
patients was in the treatment of acute myocardial infarc- 
tion or unstable angina. These patients whose initial angi- 
oplasty was for the treatment of acute coronary syn- 
dromes may have atherosclerotic lesions that are more 
vulnerable to rupture and acute occlusion compared with 
patients with chronic angina resulting from fixed stable 
plaques. 

Does our study indicate that nonobstructive (<50% 
stenotic) lesions should be dilated? We do not think so, 





TABLE I Risk Factors and Medications of Patients with 
Complete and Incomplete Revascularization 


Complete 
Revascularization 
(n = 20) 


Incomplete 
Revascularization 


Characteristic (n = 15) 





Age (years) Sf 12 60 + 11 
Men/women 16 (80%)/4 (20%) 10(67%) 
Systemic hypertension 11 (53%) 9 (60%) 
Diabetes mellitus 3 (15%) 5 (33%) 
Cigarette smoking 14 (70%) 8 (53%) 
Prior myocardial infarction 6 (30%) 6 (40%) 
Prior CABG 1 (5%) 3 (20%) 
Calcium antagonist 17 (85%) 15 (100%) 
Aspirin 17 (85%) 14 (93%) 
Persantine 9 (45%) 14 (93%) 
Nitrates 16 (80%) 14 (93%) 
B blocker 11 (55%) 7 (47%) 


p = not significant. 
CABG = coronary artery bypass grafting. 


because dilation of such lesions carries a risk of producin g 
rapid progression to an obstructive lesion.!! Instead, pre- 
vention of myocardial infarction after successful angio- 
plasty will require risk factor intervention to slow pro- 
gression of atherosclerosis, and systemic therapy, possi- 
bly with aspirin or 8 blockers, or both, to lessen the risk of 
thrombotic occlusion. 

A potential limitation of this study should be consid- 
ered. The patients in our study were highly selected. Only 
patients who survived their myocardial infarction and 
returned to our institution for repeat angiography could 
be included. Thus, the number of patients in this study is 
relatively small. This is partially explained by the low 
incidence of myocardial infarction in patients with simi- 
lar degrees of coronary artery disease treated medically 
or with angioplasty.'*-!> Because our study included only 
patients who had had a myocardial infarction, patients in 
whom an infarction was prevented with angioplasty were 
not included. 


Non-Obstructive 
Site 


PTCA Site 


Undilated Stenosis 





FIGURE 2. Location of culprit lesion in patients with incom- 
plete revascularization who had myocardial infarction after 
successful angioplasty. PTCA = percutaneous transluminal 
coronary angioplasty. 
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In conclusion, myocardial infarction after successful 
angioplasty usually occurs owing to coronary artery oc- 
clusion at sites that were previously nonobstructive. This 
finding, in agreement with similar observations in pa- 
tients treated medically23 and with bypass surgery,* indi- 
cates that a preexisting obstructive coronary stenosis 1s 
not a prerequisite for coronary occlusion producing a 
myocardial infarction. These data suggest that the inabil- 
ity of coronary angiography to predict the future infarct 
site may limit the effectiveness of mechanical therapy 
directed only at coronary stenoses in preventing subse- 
quent myocardial infarctions. 
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Sudden Death Due to Ventricular Tachycardia During Amiodarone 
Therapy in Familial Hypertrophic Cardiomyopathy 


David M. Gilligan, MRCPI, Constantinos G. Missouris, MRCP, Malcolm J. Boyd, FRCP, 


and Celia M. Oakley, FRCP 


phic cardiomyopathy (HC) can be broadly divid- 
ed into those in which arrhythmia is the primary 
cause and those in which initial hemodynamic deteriora- 
tion or ischemia are followed by secondary arrhythmia. 
Fortuitous electrocardiographic monitoring at the time 
of cardiac arrest may elucidate the mechanism responsi- 
ble in individual patients and improve our understanding 
of sudden death in this condition. We report on | patient 
from a family with HC who died suddenly during amio- 
darone therapy and who was wearing a Holter monitor at 
the time of death. Death was due to primary ventricular 
tachycardia progressing to ventricular fibrillation. 
The family demonstrates dominant transmission 
of HC (Figure 1). Case II 5 is the subject of this 


1 he potential modes of sudden death in hypertro- 
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report. She presented, at age 48 years, in 1979 with 
paroxysmal nocturnal dyspnea and angina (no synco- 
pe). Echocardiography showed asymmetric septal hy- 
pertrophy (septum 23 mm, posterior wall 14 mm) and 
systolic anterior motion of the mitral valve. She was 
treated with verapamil, 360 mg/day and oxprenolol, 
60 mg/day. In 1988 the patient developed atrial fibril- 
lation. Ventricular rates up to 190 beats/min were 
recorded on Holter monitoring but there was no ven- 
tricular arrhythmia. Amiodarone was given in a dose 
of 200 mg/day to attempt a pharmacologic conversion 
to sinus rhythm and verapamil and oxprenolol were 
reduced to 240 and 40 mg/day, respectively. Although 
atrial fibrillation persisted, the ventricular rate was 
controlled and therefore amiodarone was continued. 
One year later the dose of amiodarone was reduced to 
100 mg/day after the development of keratopathy 
which affected her vision. Three weeks after reducing 
the dose, the patient was undergoing repeat Holter 
monitoring when she collapsed suddenly while stand- 
ing in a shop. Cardiopulmonary resuscitation was be- 


go = male 


© = female 


& = affected 
© = unaffected 


(@) = not screened 





FIGURE 1. Pedigree of a family with hypertrophic cardiomyopathy transmitted in an autosomal dominant pattern. Only first-de- 
gree relatives of the affected subjects are shown. Diagonal line through symbol = deceased. Patient’s ages at the time of death 
or at the present time, if alive, are shown in brackets below symbols; patient identification numbers are to the upper right of 
symbols. Case | 2 is suspected of having had hypertrophic cardiomyopathy because she died suddenly at the age of 50 years, 
but premortem clinical data were not obtained and an autopsy was not performed. 
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gun approximately 8 minutes after collapse by an 
ambulance team; however, resuscitation was unsuc- 
cessful. The Holter record (Figure 2) showed continu- 
ous atrial fibrillation; a ventricular couplet was fol- 
lowed by 12 normal beats, then ventricular tachycar- 
dia developed and rapidly degenerated to ventricular 
fibrillation. The morphology of the ventricular tachy- 
cardia alternated, suggestive of torsades de pointes, 
but the appearances were also consistent with mono- 
morphic ventricular tachycardia and intermittent fu- 
sion of atrial fibrillation beats. There was no change 
in heart rate and no ST-segment depression preceding 
ventricular tachycardia. The average QTc interval 
was 480 ms. At autopsy, the heart was enlarged 
(515 g) with isolated left ventricular hypertrophy. 
There was moderate atheroma of the left anterior 
descending artery but no thrombus. Histologic exami- 
nation revealed areas of fibrosis and myocardial cell 
disarray. Two of the patient's first-degree relatives 
were also found to have HC and one has died sudden- 
ly. Case II 4, the patient’s brother, presented at age 55 
years in 1986 with symptomatic atrial fibrillation that 
reverted spontaneously to sinus rhythm. Investiga- 
tions showed asymmetric septal hypertrophy (septum 
22 mm, posterior wall 13 mm), no left ventricular 
outflow tract gradient, normal coronary arteries and 
infrequent, multiform ventricular extrasystoles on 
48-hour Holter monitoring. He remained in sinus 
rhythm and did not receive drug therapy. In 1988 he 
died suddenly, several minutes after loading goods 
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FIGURE 2. Continuous 2-channel Holter monitor record in a patient with hypertrophic cardiomyopathy who died 
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into a lorry. Autopsy showed a hypertrophied left 
ventricle (heart weight 620 g) with areas of myocardi- 
al disarray and fibrosis. There was also moderate 
atheroma without thrombus in the coronary arteries 
and patchy, recent infarction in the posterior septum. 
On family screening his asymptomatic daughter, case 
III 2, was found to have asymmetric septal hypertro- 
phy with a left ventricular outflow tract gradient of 80 
mm Hg. She has no arrhythmia on Holter monitoring. 

Although a number of cases of syncope in HC have 
been documented, only 3 previous cases of electrocardio- 
graphic monitoring at the time of cardiac arrest have 
been reported. The first report, in 1988,! suggested that 
myocardial ischemia preceded the terminal ventricular 
arrhythmias in a 30-year-old man. Recently, in 30 survi- 
vors of cardiac arrest, the episode was documented in 22: 
in a 7-year-old boy, ventricular fibrillation was preceded 
by marked ST depression and in a 32-year-old man, 
polymorphic ventricular tachycardia occurred as the pri- 
mary event. In our patient, sudden death was due to 
ventricular tachycardia progressing to ventricular fibril- 
lation without evidence of preceding hemodynamic dete- 
rioration or myocardial ischemia. This report supports 
the assertion that sudden death in HC may be due to 
primary ventricular arrhythmia. Low-dose amiodarone 
did not prevent sudden death in this case,> but is uncer- 
tain whether the drug was antiarrhythmic, ineffective or 
proarrhythmic. Amiodarone in a dose of 200 mg/day 
may have been suppressing ventricular arrhythmias until 
the dose was halved 3 weeks before death. Against this 
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ing the recording. Panel 12:03:45 shows atrial fibrillation with an average ventricular rate of 100 beats/min. At 12:04:01 a 
ventricular couplet occurs, followed by 12 normal beats and then sustained ventricular tachycardia. In panel 12:04:17 ventricu- 


lar tachycardia merges into coarse ventricular fibrillation. 
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interpretation is the absence of ventricular arrhythmia 
before therapy and the long half-life of amiodarone 
which implies that serum levels may not have decreased 
significantly within 3 weeks.* A proarrhythmic effect of 
amiodarone has been associated with high-dose therapy 
and marked QTc prolongation’ and therefore seems un- 
likely in this case. However, recent electrophysiologic 
studies suggest that amiodarone may facilitate the induc- 
tion of ventricular tachycardia in some patients with HC 
and this effect cannot be excluded. Of note, neither adult 
had prior ventricular tachycardia on Holter monitoring, 
an important risk factor for sudden death in HC.? In 
both cases myocardial fibrosis was prominent and may 
have been a substrate for ventricular arrhythmias. The 
significance of the mild coronary atheroma found in both 
patients is questionable. Although case II 4 did show 
evidence of recent, patchy myocardial infarction, infarc- 
tion has also been described in HC in the absence of 


significant coronary artery disease. Regardless of etiolo- 
gy, the presence of ischemic changes in this case suggests 
that the mechanism of sudden death may differ among 
patients with HC, even among members of the same 
family. 
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Relation of Clinical and Angiographic Factors to Functional Capacity 
as Measured by the Duke Activity Status Index 


Charlotte L. Nelson, MS, James E. Herndon, PhD, Daniel B. Mark, MD, MPH, David B. Pryor, MD, 


Robert M. Califf, MD, and Mark A. Hlatky, MD 


portant goal in the therapy of cardiovascular dis- 
ease. Given the pressures on the medical profession 
to restrain the growth of health care costs, credible docu- 
mentation of improved functional capacity as a result of 
therapy is particularly important, especially if effects on 
“hard end points” such as death or myocardial infarction 
are difficult to demonstrate. 
Measurement of functional status inevitably includes 
a subjective component, so that most physicians consider 
it a “soft end point.” Indeed, traditional measures, such 
as the New York Heart Association classification, have 
considerable imprecision and interobserver variability. In 
an attempt to overcome some of these limitations, we 
recently described a new method of determining func- 
tional capacity of patients with cardiac disease.! The 
Duke Activity Status Index (DASI) is a brief self-ad- 


I mprovement of patient functional status is an im- 
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ministered questionnaire that gauges the patient’s ability 
to perform common activities and uses the responses in a 
weighted score that assesses overall patient functional 
capacity. To determine if DASI varies in an appropriate 
fashion according to clinical factors known to influence 
patient functional status, this study examines the correla- 
tion of DASI with clinical factors in a large, independent 
group of patients. 

All patients undergoing cardiac catheterization at 
Duke University Medical Center from March 1, 1986, 
through February 28, 1987, were screened for entry 
into a long-term study of the effects of coronary re- 
vascularization.’ Patients in stable clinical condition 
who were without prior coronary angioplasty or coro- 
nary bypass surgery were approached for informed 
consent and study enrollment. Patients who under- 
went coronary revascularization within 6 weeks of 
cardiac catheterization form the study cohort and are 
the basis of this report. 

Each patient completed a self-administered ques- 
tionnaire to determine functional capacity as mea- 
sured by DASI. Clinical and demographic informa- 
tion was collected using the computerized medical 
information system described previously.’ Descriptive 
statistics were generated using the SAS software 
package. Simple linear regression and multiple linear 
regression were used to compare the effect of pre- 
defined clinical factors on functional capacity. 
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During the study period, a total of 438 patients 
were enrolled. Three hundred twenty-seven patients 
were men (75%) and the median age was 60 years 
(interquartile range 53 to 66). One hundred nine pa- 
tients had 1-vessel disease, 138 had 2-vessel disease 
and 19] patients had 3-vessel disease. A history of 
previous myocardial infarction was present in 163 





TABLE I Multivariable Analysis of the Effect of Clinical Factors 
on Functional Status 


Factor Coefficient p Value 













Age (years) 
Female sex 
Heart failure 













Stable angina 3.3 0.003 

Diabetes =3.3 0.02 patients (37%), and 31 (7%) had a history of conges- 
Smoking -2.5 0.04 tive heart failure. DASI varied considerably in this 
3-vessel disease -2.4 0.04 population (median = 13.45, 25th percentile = 7.2, 






Intercept 





75th percentile = 23.2). 


FIGURE 1. Values of the Duke Activity 
Status Index (DASI) according to gender, 
age, and number of diseased vessels. The 
top of each bar represents the 75th per- 
centile of the distribution of DASI in the 
group; the bottom of the bar represents 
the 25th percentile, and the line in the 
middle of the bar represents the median. 


MALE FEMALE <55 55-65 >65 1 2 3 
GENDER AGE DISEASED VESSELS 


FIGURE 2. Values of the Duke Activity 
Status Index (DASI) according to history 
of myocardial infarction, left ventricular 
ejection fraction, and presence of conges- 
tive heart failure. Format as in Figure 1. 
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The effect of various clinical factors on DASI is 
summarized in Figures I and 2. Men had a signifi- 
cantly higher functional capacity than women and 
functional capacity declined steadily as age increased. 
Functional capacity was highest in patients with 1l- 
vessel disease and lowest in patients with 3-vessel 
disease. A history of myocardial infarction was asso- 
ciated with a significantly lower functional capacity, 
as was a reduction in left ventricular ejection fraction. 
The presence of congestive heart failure was associ- 
ated with a large reduction in functional capacity. 

In the multivariable analysis (Table I), age, sex, 
and history of heart failure were highly significant 
independent predictors of functional capacity mea- 
sured by DASI. Anginal course, the presence of diabe- 
tes, smoking history and the presence of 3-vessel coro- 
nary artery disease were additional independent pre- 
dictors of DASI. Once the effect of these variables 
were taken into account, factors such as the percent 
luminal diameter narrowing in any vessel and the left 
ventricular ejection fraction added no independent in- 
formation to the prediction of functional capacity. 

This study demonstrates that DASI scores in a large 
population of patients vary in a consistent manner ac- 
cording to factors known to affect patient functional 
capacity. This finding provides additional validity to the 
use of DASI as a functional outcome measure. In addi- 
tion, this cross-sectional study shows significant measur- 
able differences in DASI scores between groups of pa- 
tients with varying severity of heart disease. This finding 
suggests that clinically relevant differences in functional 
capacity can be documented using DASI. In conjunction 
with the previously demonstrated correlations of DASI 
with peak oxygen uptake,! these data suggest DASI can 
be a useful tool for measuring functional capacity in 
clinical studies. 

These data also provide confirmatory information 
about the correlates of functional capacity in patients 
with coronary artery disease. Interestingly, functional 
capacity was more closely related to the patient’s age and 
sex than to severity of cardiac disease measured at cardi- 


ac catheterization. Indeed, the specific coronary anatom- 
ic lesions and ejection fraction added very little additional 
information to the noninvasive factors predictive of func- 
tional capacity. Our data are consistent with previous 
investigations showing that objectively measured exercise 
capacity correlates poorly with the number of diseased 
vessels and with left ventricular ejection fraction.45 

Another important finding was that functional capac- 
ity as measured by DASI could not be predicted accu- 
rately by any combination of clinical factors, since the 
total R? of the multivariable model was only 0.18. This 
finding underscores the importance of directly measuring 
patient functional capacity in clinical studies, as it cannot 
be predicted accurately by laboratory measures of dis- 
ease severity. 

DASI offers considerable advantages for the evalua- 
tion of functional capacity in clinical studies, because it is 
brief, standardized for use as self-administered question- 
naire, and has been shown to correlate well with the 
“gold standard” for functional capacity-maximal oxy- 
gen uptake during exercise testing.! The variations in 
DASI according to clinical factors evident in the present 
study are plausible intuitively, and confirm that this par- 
ticular measure is sensitive to degrees of difference in 
functional capacity among patients that are typically 
encountered in clinical situations. 
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Dobutamine Stress Echocardiography for Assessment of Cardiac Risk 


Before Noncardiac Surgery 


Richard T. Lane, MD, Stephen G. Sawada, MD, Douglas S. Segar, MD, Thomas Ryan, MD, 
Stephen G. Lalka, MD, Roxanne Williams, BS, Stephen E. Brown, MD, William F. Armstrong, MD, 


and Harvey Feigenbaum, MD 


wo-dimensional echocardiography performed 

during incremental infusion of dobutamine has 

been shown to be a safe and accurate method for 
detection of coronary artery disease in patients who are 
unable to undergo conventional exercise testing. !? A sig- 
nificant proportion of these patients are referred for eval- 
uation before undergoing noncardiac surgery, such as 
abdominal aortic aneurysm resection, lower extremity 
revascularization procedures and hip replacement. Little 
is known about the value of dobutamine stress echocardi- 
ography for assessment of preoperative cardiac risk. This 
portable and relatively low cost technique provides rapid 
results and, thus, has potential advantages over alterna- 
tive technologies, such as dipyridamole thallium scintig- 
raphy, which have established prognostic value.?~> This 
retrospective study reports on the results of dobutamine 
stress echocardiography performed for preoperative car- 
diac risk assessment. 

Fifty-seven patients (38 men and 19 women, mean 
age 63 years, range 43 to 81) were evaluated before 
anticipated noncardiac surgery between June 1988 
and March 1989. All patients had =1 medical condi- 
tion that precluded conventional exercise testing. Fif- 
ty-three patients (93%) had 21 cardiac risk factor 
and 24 (41%) had history of myocardial infarction. 
No patient had unstable angina or New York Heart 
Association class III or IV heart failure. 

As previously described, dobutamine was adminis- 
tered in stepwise fashion beginning at a dose of 2.5 
ug/kg/min.? After 3 minutes, the dose was increased to 
5.0 ug/kg/min, and then by 5.0 uwg/kg/min increments 
every 3 minutes to a maximal dose of 40 ug/kg/min. 
The end points for infusion included development of a 
new wall motion abnormality involving = 2 myocardi- 
al segments, 2mm of ST-segment depression, or angi- 
na. In the absence of inducible ischemia, dobutamine 
infusion was discontinued at 85% of the patient's age- 
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predicted maximal heart rate or at a peak dose of 40 
ug/kg/min. The electrocardiogram and echocardio- 
gram were monitored during each stage of infusion 
and for 6 minutes after termination of the test. Echo- 
cardiograms were also digitally stored at rest, at a 
dose of 5 ug/kg/min, at peak dose and at 6 minutes 
after termination of the test using an on-line analysis 
system (Nova MicroSonics Prevue, Indianapolis, In- 
diana). The echocardiographic images were rear- 
ranged in computer memory and displayed in a quad 
screen format so that rest and stress images for each 
of the 4 standard echocardiographic views could be 
directly compared. One blinded observer graded re- 
gional wall motion as either normal, hypokinetic, aki- 
netic or dyskinetic using a 16-segment model for the 
rest and stress echocardiograms. Based on the echo- 
cardiographic results, 3 groups of patients were de- 
fined: (1) patients with normal wall motion at rest and 
with stress; (2) patients with abnormal wall motion at 
rest with no new stress-induced abnormalities (in- 
cluding those with worsening of wall motion abnor- 
malities at rest, but no new wall motion abnormali- 
ties); and (3) patients who developed new wall motion 
abnormalities with stress in segments that had normal 
wall motion at rest. 

Coronary angiography was performed according 
to the judgment of the referring physician. Significant 
coronary artery disease was defined as 250% diame- 
ter stenosis of a major epicardial coronary artery. 
Patient records were reviewed to determine the out- 
come of surgery. Significant cardiac events were de- 
fined as unstable angina, myocardial infarction and 
sudden cardiac death. 

Of the 38 patients who underwent surgery (Ta- 
ble I), 13 were in group 1, 6 were in group 2 and 19 
were in group 3. No patient in group l or 2 had a 
cardiac event (Table II). Four patients (21%) in group 
3 had cardiac events. One of these 4 patients had 


TABLE I Types of Surgical Procedures (n = 38) 


Vascular Surgery (n = 25) General Surgery (n = 13) 


13 Major orthopedic procedures 7 
Intraabdominal procedures 5 
Extraabdominal procedures 1 


Aortoiliac reconstruction 

Abdominal aortic aneurysm re- 3 
section 

Limb vascular reconstruction 6 

Carotid endarterectomy 2 

Aortorenal bypass 1 
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unstable angina, 2 had myocardial infarction and 1 
had cardiac death. A fifth patient in group 3 had an 
abbreviated surgical procedure because of intraopera- 
tive ischemia. 

Of the remaining 19 patients who did not have 
surgery, 7 were in group l, 3 were in group 2 and 9 
were in group 3. Two patients in group 3 had cardiac 
events within 1 month of dobutamine stress echocar- 
diography. A third patient with multivessel coronary 
artery disease and extensive stress-induced wall mo- 
tion abnormalities had sudden death. Of the 10 pa- 
tients in groups | and 2 who did not undergo surgery, 
1 had noncardiac death, and I patient with coronary 
disease limited to a diagonal vessel and with a 9 cm 
abdominal aortic aneurysm had sudden death of un- 
determined etiology (Table IT). 

Eighteen of 24 patients (75%) with previous myo- 
cardial infarction were in group 3. All 6 patients with 
previous myocardial infarction who had cardiac 
events were in Group III. 

Twelve of the 19 patients in group 3 who under- 
went surgery also underwent coronary angiography. 
Significant coronary disease was found in 11 of these 
patients. Coronary angiography was performed in7 of 
the 9 patients in group 3 who did not undergo surgery. 
Significant coronary artery disease was found in 6 of 
these patients, and 4 underwent either coronary artery 
bypass grafting or coronary angioplasty. 

In this retrospective study, stress-induced wall motion 
abnormalities during dobutamine infusion identified a 
group that had a 21% risk of cardiac events during non- 
cardiac surgery. Patients who developed wall motion ab- 
normalities during dobutamine infusion were at risk even 
if surgery was not performed. Significant coronary artery 
disease was found in the overwhelming majority of pa- 





TABLE ll Cardiac Outcome After Dobutamine Stress 
Echocardiography 


Surgery (n = 38) No Surgery (n = 19) 


Group Total No Events Events Total No Events Events 


1 (14%)* 
0 3 0 
4(21%)t 9 6 


*Uncertain cardiac event (see text). 
toore not include 1 patient who had an abbreviated procedure due to intraoperative 
ischemia. 


3 (33%) 


tients who had coronary angiography and stress-induced 
wall motion abnormalities. This preliminary study dem- 
onstrates the potential utility of dobutamine stress echo- 
cardiography for predicting the cardiac outcome of non- 
cardiac surgery. Further studies are needed to evaluate 
more homogeneous patient groups and to determine the 
relative value of dobutamine stress echocardiography in 
comparison with clinical predictors. 
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Hematocrit Fluctuations After Percutaneous Transluminal Coronary 


Angioplasty 


Eric S. Roccario, MD, Marc J. Schweiger, MD, Steven S. Whitfield, MD, William Stikley, PhD, 
Thomas Weil, MD, Anthony Urbano, MD, and Mark Porway, MD 


decrease in hematocrit has been reported 12 
hours after percutaneous transluminal coronary 
angioplasty (PTCA); however, the etiology and 
clinical significance are uncertain.! Significant blood loss 
is potentially dangerous in patients with tenuous coro- 
nary perfusion. This study was undertaken to determine 
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the degree and duration of hematocrit change and the 
incidence of transfusion after PTCA. 

One-hundred thirty consecutive patients (88 men, 
42 women, aged 29 to 82 years) referred for elective 
PTCA over a 3-month period were prospectively ana- 
lyzed. Patients who had received thrombolytic thera- 
py were excluded. PTCA was performed as described? 
with the Judkin’s approach. Introducers were placed 
into both the arterial and venous systems. All patients 
were hydrated (before, during and 24 hours after the 
procedure) with 2 to 4 liters of normal saline. Admin- 
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TABLE I Hematocrit Before and After Coronary Angioplasty in 
the Two Groups Studied 


Day O 


38.8 + 4.2% 
38.9 + 4.3% 
38.9 + 4.3% 


Day 1 Day 2 


35.0 + 4.2%* — 
33.9 3:6%* 36.1 + 4.0%t 
34.5 + 3.9%* — 


Group | 
Group II 
Total 


*Significant hematocrit decrease from days O to 1 in groups | and II; total p value 
001 


tSignificant increase in hematocrit from days 1 to 2 (p value 0.003). 

Group | represents the patients who had the introducers removed the same day. 
Group II (continuous heparin group) represents the patients who had the introducers 
removed 18 to 24 hours after percutaneous transluminal coronary angioplasty. 

Numbers signify mean + the standard deviation. 





istration of intravenous nitroglycerin was begun 20 to 
24 hours before balloon inflation at 17 ug/min. All 
patients received 10,000 to 20,000 U of heparin during 
therapy with PTCA (10,000 U bolus and 5,000 U 
every 60 minutes). Continuous heparin was given after 
the procedure (12 to 24 hours, 800 to 1200 U/hour, 
closely following prothrombin times) if the introduc- 
ers were not removed the same day. All patients had 
hematocrits obtained before (day 0) and 24 hours 
after (day 1) PTCA. Seventy patients had introducers 
removed on the same day of the procedure (day 0, 4 to 
8 hours after PTCA; group I). Sixty patients (contin- 
uous heparin group) had the introducers removed 18 
to 24 hours after PTCA (day 1; group II). The final 
angiograms of these patients manifested haziness or 
lucencies consistent with thrombus, intimal irregular- 
ities or dissection. An additional hematocrit determi- 
nation was made approximately 24 hours after hepa- 
rin cessation (day 2, 48 hours after angioplasty) in the 
continuous heparin group. Hematocrit changes were 
analyzed by Student's t test. 

The data are listed in Table I. There was a signifi- 
cant decrease in hematocrit from days 0 to 1 (38.9 + 
4.3 to 34.5 + 3.9%), a relative reduction of 11.5%, p 
<0.001. There was no significant difference in the 
decrease in hematocrit from days 0 to I between 
groups I and II. There was a significant increase in 
hematocrit from days 1 to 2 (33.9 + 3.6 to 36.1 + 
4.0%), p = 0.003. Five patients required transfusion 
for significant blood loss (1 with gastrointestinal 
bleeding, 4 with hematoma). 

This study demonstrates that a significant decrease in 
hematocrit is common the first day after PTCA and the 
need for transfusion is rare. Only 4% of our study group 
required transfusions. There would appear to be 2 major 
reasons for a reduction in hematocrit during PTCA. The 
first is blood loss secondary to the procedure (sheath 
insertion and removal, placement of large diameter guid- 
ing catheters) and phlebotomy for laboratory data. The 
other cause of change in hematocrit appears to be hemo- 
dilution. There is a significant increase in hematocrit on 
the second day after PTCA, suggesting that the initial 
reduction is at least partially dilutional. One cause for 


hemodilution is intravenous fluid replacement during 
and after PTCA. Another hypothesis is the “hemodilu- 
tion” effect secondary to plasma volume fluxes due to 
changes in intravascular hydrostatic pressure with pos- 
tural changes (supine versus erect).*-> With standing, 
there is an increase in intravascular hydrostatic pressure 
in dependent parts of the body engendering extravasation 
of plasma and thus artifactual increase in hemoglobin / 
hematocrit.*-° This effect is removed when the supine 
position is taken. It has been reported that there is a 7 to 
15% posture-induced changed for serum macromole- 
cules and a 4 to 10% posture-induced change for blood 
hemoglobin.* Most of our patients were ambulatory be- 
fore PTCA and had blood samples taken in an erect or 
semierect position. After PTCA, the patients remained 
in bed for at least 12 to 36 hours, and consequently blood 
was drawn in a supine position. Last, there is nitroglycer- 
in-induced hemodilution.° It is thought that this hemodi- 
lution is due to sodium retention (from activation of the 
renin-angiotensin system) engendering an increase in in- 
travascular volume, or a shift of fluid from the extravas- 
cular into the intravascular space (due to preferential 
venodilation, thus modifying the Starling forces in the 
capillary bed, or due to a decrease in atrial natriuretic 
peptide).° 

Thus, the hematocrit drip from days 0 to 1 is secon- 
dary to blood loss and hemodilution (fluid replacement, 
intravenous nitroglycerin and artifactual postural ef- 
fects). The hematocrit increase on day 2 is secondary to 
the withdrawal of nitroglycerin, equilibration of fluids 
and removal of the artifactual postural effect. 

In conclusion, there is a decrease in hematocrit after 
PTCA which is partially hemodilutional. A significant 
reduction in hematocrit can be expected the day after 
PTCA and in the absence of obvious blood loss can 
usually be explained on the basis of fluid replacement, 
intravenous nitroglycerin, and perhaps postural changes 
in hematocrit. If the decrease in hematocrit did represent 
actual blood loss, this would be a precarious situation in a 
patient with tenuous coronary perfusion. 
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Dynamics of Atrioventricular Nodal Conduction Ratios During 
Conversion of 2:1 into 3:1, 4:1 and 5:1 Atrioventricular Block 


Agustin Castellanos, MD, Pedro Fernandez, MD, Alberto Interian, Jr., MD, Marilyn M. Cox, MD, and 


Robert J. Myerburg, MD 


published in The American Journal of Cardiol- 

ogy discussed the dynamics of pacing-induced 
atrioventricular nodal or atrio (A):His (H) conduction 
ratios appearing during incremental atrial stimulation at 
cycle lengths longer than those at which stable 2:1 block 
was seen.! However, this report examines the dynamics 
of blocks occurring at even shorter cycle lengths, specifi- 
cally when 2:1 block increases to higher degrees of block 
during the same pacing run. 

Progression of 2:1 AH block into 3:1, 4:1 and 5:1 
blocks occurring during the same pacing run was ret- 
rospectively identified in the recordings of 12 patients 
referred for electrophysiologic evaluation of diverse 
supraventricular arrhythmias. Incremental atrial 
stimulation was performed in all patients. As the atri- 
al rate increased, 1:1, Wenckebach, and unstable (in- 
cluding reverse alternating Wenckebach periods) and 
stable 2:1 blocks occurred.'! However, only informa- 
tion regarding the ratios seen at pacing rates faster 
than those at which stable 2:1 block appeared will be 
discussed. Of the 32 episodes identified, all occurred 
at pacing cycle lengths that were =20 ms shorter than 
those producing stable 2:1 AH block. By premise (see 


P revious work performed in our department and 
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FIGURE 1. Episode of 2:1 A(M):H(N) 
block increasing to 3:1 block during the 
same pacing run. Although in the episode 
shown here the A:H ratio was 9:4, in this 
degree of progression all ratios could be 


fer to corresponding pacing artifacts and 
deflections in the corre- 
sponding respectively. Values of 


9:4 (2N + 1:N) 





later) they included >1 cycle of 2:1 block. Because 
there was a gradual increase of the conducted AH 
interval until a greater degree of block ensued, the 
episodes had the characteristics of the so-called alter- 
nating Wenckebach periods.*> It should be empha- 
sized that as in previous studies and using convention- 
al electrocardiographic nomenclature, episodes of 
second degree atrioventricular (or AH) block were 
considered to extend from the first conducted beat to 
the last blocked beat of each episode.'~4 Therefore, 
A:H conduction ratios (which can be represented as 
M:N during 1:1 AH conduction) had a first number 
resulting from the sum of all atrial deflections ex- 
tending from the first conducted to the last blocked 
atrial impulse. The second number of the ratio was 
given by the sum of the corresponding H deflections.! 

Therefore, the conduction ratios identified during 
conversion of 2:1 to 3:1 block were 7:3 in 13 episodes, 
9:4 in 8, 17:8 in 3 and 13:6 in 1. These ratios and their 
corresponding formulations are listed in Table I. An 
example is shown in Figure 1. In contrast, A:H ratios 
seen when 2:1 increased to 4:1 block were 10:4 in 2 
episodes and 8:3 in 2 (Figure 2 and Table 1). Finally, 
conversion of 2:1 to 5:1 block occurred with ratios of 
9:3 in the 3 episodes in which it was detected (Figure 3 
and Table I). 

When incremental atrial stimulation is performed be- 
ginning with cycle lengths slightly shorter than sinus 
cycle lengths until reaching the cycle length at which 
stable 2:1 AH block appears, the following AH conduc- 


NEW EPISODE 


BRIEF REPORTS 979 












TABLE I Dynamics of A(M):H(N) Conduction Ratios During 
Progression of 2:1 to 3:1, 4:1 and 5:1 Atrioventricular Nodal 
Block 





General 
Episodes Ratios Representation 


2:1 to 3:1 






2:1 to 4:1 


7a 2N + 2:N 
2N + 2:N 


2:1 to 5:1 
9:3 2N + 3:N 
A = atrial deflections; H = His bundle deflections. 









tion patterns are seen (with the corresponding possible 
representation in parentheses): 1:1 (M:N); Wenckebach 
periods (N + 1:N); and unstable 2:1 (2N — 1:N), in- 
cluding reverse alternating Wenckebach periods.' The 
latter are different from alternating Wenckebach periods 
in that they occur at pacing rates slower than rates of 2:1 


block and are characterized by a gradual shortening of 
the AH intervals of conducted beats until a lesser degree 
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of block recurs.! However, alternating Wenckebach peri- 
ods first appear at rates greater than those of stable 2:1 
and have AH intervals of conducted beats that progres- 
sively increase until a greater degree of block recurs.” 

Such were the characteristics of all episodes identified 
in this study. It should be noted that progression of 2:1 to 
3:1 block always occurred with A:H ratios in which the 
first number was invariably odd. Moreover, irrespective 
of the numerical value, these episodes could invariably be 
represented by a general 2N + 1:N ratio (Table I and 
Figure | ). Conversely, an increase in 2:1 to 4:1 block took 
place with A:H ratios with an even first number. In 
addition, irrespective of the A:H numerical value they 
could be represented by a general 2N + 2:N ratio (Fig- 
ure 2). Finally, progression of 2:1 to 5:1 block, which 
always occurred with A:H ratios in which the first num- 
ber was odd, could be represented as 2N + 3:N (Fig- 
ure 3). 

Because this was a retrospective study and the pacing 
runs were initiated in any moment of the cycle, we want- 
ed to be certain that the starting A:H ratio was 2:1. 
Therefore, =2 successive 2:1 cycles were needed for each 
episode. Hence, the minimal number of H deflections 
was 3, i.e., no ratio should have had a second number <3. 
However, there is no reason why only one 2:1 cycle could 
not be converted to 3:1 AH block in | episode, thus 


Sı S2 


FIGURE 2. Episode of 2:1 A(M):H(N) 
block increasing to 4:1 block during the 
same pacing run. In spite of the fact that 
in the episode shown the ratio was 8:3, in 
this degree of progression all ratios could 
be represented by the general formulation 
2N + 2:N (with the first number being in- 
variably even). MRA = midright atrium; 
other abbreviations as in Figure 1. 


FIGURE 3. Episode of 2:1 A(M):H(N) 
block increasing to 5:1 block during the 
same pacing run. Note that the first num- 
ber of the ratio was odd and that the epi- 
sode could be represented as 2N + 3:N. 
DCS = distal coronary sinus; other abbre- 
viations as in Figure 1. 
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resulting in a 5:3 ratio.*ć Indeed, although not included 
here, alternation between 2:1 and 3:1 (5:2) was observed 
in 2 patients. 

This study extends the one performed by Shrier et al> 
in which they analyzed in humans the simple and com- 
plex atrioventricular patterns appearing while the atrial 
rate was gradually increased (and performed experimen- 
tal computations). However, they did this only until 2:1 
block ensued. In general, the episodes referred to in Table 
I may be considered to display the form of irregular 
(aperiodic) dynamics observed in the experimental prep- 
aration of Chialvo and Jalife,® which they named “‘mul- 
tirhythmicity.” This is because the episodes observed 
during atrial stimulation consisted of apparent, random 
fluctuations of A:H ratios occurring at the same basic 
(pacing) cycle length.® 

In summary, conversion of 2:1 AH block into higher 
degrees of block occurring during the same pacing run 
had rich, heretofore unidentified dynamics. Although a 
greater than expected number of A:H ratios were ob- 
served, each occurred with features that were typical for 


the degree or type of conversion of 2:1 (into 3:1, 4:1 and 
5:1) block. Thus, they could be represented by formula- 
tions that were specific for the type of progression, re- 
gardless of A:H conduction ratios. However, it has to be 
emphasized that at present it is not known whether these 
dynamics also apply when there is HV block. 


1. Castellanos A, Fuenmayor AJ, Huikuri H, Interian A Jr, Cox MM, Myerburg 
RJ. Dynamics of atrioventricular nodal conduction ratios of reverse alternating 
Wenckebach periods. Am J Cardiol 1989;64:1047-1049. 

2. Amat-y-Leon F, Chuquimia R, Wu D, Denes P, Dhingra RC, Wyndham C, 
Rosen KM. Alternating Wenckebach periodicity: a common electrophysiologic 
response. Am J Cardiol 1975;36:757-764. 

3. Castellanos A, Sung RJ, Aldrich JL, Maxwell M, Myerburg RJ. Electrocar- 
diographic manifestations and clinical significance of atrioventricular nodal alter- 
nating Wenckebach periods. Chest 1978;73:69-74. 

4. Schamroth L. Second degree A-V block. In: The Disorders of Cardiac Rhythm. 
2nd ed. Oxford: Blackwell Scientific, 1980:184-185. 

5. Shrier A, Dubarsky H, Rosengarten M, Guevara MR, Nattel S, Glass L. 
Prediction of complex atrioventricular conduction rhythms in human with use of 
the atrioventricular nodal recovery curve. Circulation 1987;76:1196-1205. 

6. Chialvo DR, Jalife J. On the non-linear equilibrium of the heart: locking 
behavior and chaos in Purkinje fibers. In: Zipes DP, Jalife J, eds. Cardiac Electro- 
physiology. From Cell to Bedside. Philadelphia: WB Saunders, 1990:201-214. 


BRIEF REPORTS 981 


ADDENDUM 


The American address for the Lorenzini Foundation, secretariat of the Interna- 
tional Committee for the Evaluation of Hypertriglyceridemia as a Vascular Risk 
Factor (The Hypertriglyceridemias: Risk and Management, American Journal 
of Cardiology, July 24, 1991:68[3]) is: Giovanni Lorenzini Medical Foundation, 
ATTN: Dr. Marjorie Horning, Baylor College of Medicine, One Baylor Plaza, 
Room 826E, Houston, Texas 77030, U.S.A. 





CORRECTION 


In the study, “Composition of Atherosclerotic Plaques in the Four Major Epicar- 
dial Coronary Arteries in Patients 290 Years of Age” by Gertz et al in the June 1, 
1991 issue, on page 1230 in Table I (“continued” section), data in the first 
column headed “Case No.” are incorrect after Case No. 11. The corrected table 
is presented below. 


TABLE I (continued) Pertinent Characteristics in the 18 Patients 290 Years Old 


Mean % of Plaque Area for All 5-mm S 


No. (%) S Narrowed in CSA by Plaque FT FO PD CD 





CaseNo. 0-25% 26-50% 51-75% 76-95% 96-100% All >75% All >75% All >75% All >75% 


AMI, OMI, or Both 


1 0 (0) 12(28) 18(42) 13(30) 0 (0) 80+22 62+ 24 11419 24427 9415 14419 
2 0 (0) 9(41) 10(45) 3(14) 0(0) 89418 65429 ay ee 225 9412 9414 23415 
3 4(8) 8(16) 27(54) 8(16) 3 (6) 84420 71427 144 142 10414 17416 62:14 1119 
4 0 (0) 7(16) 27(60) 10(22) 1 (2) 88417 73426 1+2 244 7413 20420 5+9 6+10 
5 0 (0) 14(45) 12(39) 4(13) 1 (3) 824+24 43419 O+1 0 14423 57419 5412 0O 

6 0 (0) 3(7) 33(75) 6(14) 2 (5) 93411 9527 122 2+4 142 0 6+11 337 
7 0 (0) 1 (2) 25(61) 11(27) 4(10) 83419 74421 142 2+3 9415 17421 72413 6211 
8 3 (9) 4(12) 14(44) 9(28) 2 (6) 78422 66418 O 0 4+6 5+6 , 18422 28419 
9 2 (4) 31(63) 11(22) 2(4) 0(0) 66425 6144 021 0 7412 1247; 27425 2843 
10 0 (0) 18(38) 27(57) 2(4) 0 (0) 94411 9145 122 1+2 347 6e7).- 326 2+3 
11 1 (2) 7(17) 31A- 3(/) 0 (0) 94411 84423 4410 16423 1+5 0 J 13 0 
Subtotal 10(2) 114(26) 235(53) 71(16) 13(3) 85+8 71415 1241 2+5 644 15416 9247 11211 
n=11 


No AMI or OMI 


7(19) 11(31) 12(33) 5(14) 1(3) 78425 59428 0 13421 39427 8418 ig 
i3 5(13) 32(82) 00O): 00) 2(5) 9845 O 0+2 0+0 ? 145 
14 1(2) 24(47) 22(43) 1(2) 3(6) 86Ł17 4740 143 hak 649 4940 7415 ay 
15 0(0) 140) 26(57) 501) 1) 1417 8147 O43 449 144 7411 8416 849 
16 2(5)  19(50) 12(32) 2(5) 3(8) 88419 75412 143 0 448 45410 8417 1042 
17 0(0)  17(39) 23(52) 2(5) 265) 95+11 89416 O+1 © 143 11416 4410 0 
18 0(0) 18(50) 15(42) 1(3) 2) 9748 6540 O+1 © 2+7 B540 0+3 0 
Subtotal 15(5) 135(47) 110(38) 16(6) 14(5)  90+7 59430 0 142 445 f22419 543 344 


n=7 
p= 





0.21* 


0.03 


0.08 


0.01 


0.19 


0.15 


0.27 


0.26 


Totals 25(3)  249(34) 345(47) 87(12) 27(4) 87+8 67422 7+6 





(Mean + SD) 


* Calculated from means. 

All = all segments ot tne 4 major epicardial coronary arteries: AMI = acute (recent) myocardial infarct; CA = coronary artery; CD = calcgfic deposits; CSA = cross-sectional area; 
DM = diabetes mellitus; F = female; F’ = fibrosis; FO = foam cells; FT = fibrous tissue; HW = heart weight; M = male; n = number of patient's; N = necrosis; LV = left ventricular; OMI 
= old (healed) myocardial infarct; P = plaque; PD = pultaceous debris; S = segments; SD = standard deviation; SH = systemic hypertensio 
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essor” 
arolol tartrate USP 


SUMMARY (FOR FULL PRESCRIBING 
'MATION, SEE PACKAGE INSERT) 


ATIONS AND USAGE 

tension 

ssor tablets are indicated for the treatment of hyperten- 
[hey may be used alone or in combination with other 
pertensive agents. 

a Pectoris 

ssor is indicated in the long-term treatment of angina 


S. 

irdial Infarction 

ssor ampuls and tablets are indicated in the treatment of 

dynamically stable patients with definite or suspected 

myocardial infarction to reduce cardiovascular mortality. 

vent with intravenous Lopressor can be initiated as soon 

ee clinical condition allows (see DOSAGE AND 
ISTRATION, CONTRAINDICATIONS, and WARNINGS). 

atively, treatment can begin within 3 to 10 days of the 

event (see DOSAGE AND ADMINISTRATION). 


RAINDICATIONS 

‘tension and Angina 

ssor is contraindicated in sinus bradycardia, heart block 
ir than first degree, cardiogenic shock, and overt cardiac 
: (see WARNINGS). 

ardial Infarction 

ssor is contraindicated in patients with a heart rate < 45 
‘min; second- and third-degree heart block; significant 
‘egree heart block (P-R interval = 0.24 sec); systolic 
pressure < 100 mmHg; or moderate-to-severe cardiac 

> (see WARNINGS). 


‘INGS 
‘tension and Angina — l 
c Failure: Sympathetic stimulation is a vital component 
g circulatory function in congestive heart failure, and 
kade carries the potential hazard of further depressing 
dial contractility and precipitating more severe failure. 
yertensive and angina patients who have congestive heart 
3 controlled by digitalis and diuretics, Lopressor should 
ministered cautiously. Both digitalis and Lopressor slow 
nduction. 
2atients Without a History of Cardiac Failure: Continued 
ssion of the myocardium with beta-blocking agents over 
od of time can, in some cases, lead to cardiac failure. At 
‘st sign or symptom of impending cardiac failure, patients 
d be fully digitalized and/or given a diuretic. The response 
d be observed closely. If cardiac failure continues, de- 
adequate digitalization and diuretic therapy, Lopressor 
d be withdrawn. 


'schemic Heart Disease: Following abrupt cessation of 
rapy with certain beta-blocking agents, exacerbations 
angina pectoris and, in some cases, myocardial infarc- 
n have occurred. When discontinuing chronically 
ministered Lopressor, particularly in patients with isch- 
ic heart disease, the dosage should be gradually 

juced over a period of 1-2 weeks and the patient should 
carefully monitored. If angina markedly worsens or 
ste pomy insufficiency develops, Lopressor admin- 
ration should be reinstated promptly, at least tem- 
rarily, and other measures appropriate for the manage- 
int of unstable angina should be taken. Patients should 
warned against interruption or discontinuation of 
srapy without the physician's advice. Because coronary 
tery disease is common and may be unrecognized, it 
iy be prudent not to discontinue Lopressor therapy 
ruptly even in patients treated only for hypertension. 


nchospastic Diseases: PATIENTS WITH BRONCHO- 

TIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 

t BLOCKERS. Because of its relative beta, selectivity, 
aver, Lopressor may be used with caution in patients with 
chospastic disease who do not respond to, or cannot 
‘ate, other antihypertensive treatment. Since beta, 
bd is not absolute, a beta,-stimulating agent should 
dministered concomitantly, and the lowest possible dose 
ypressor should be used. In these circumstances it would 
rudent initially to administer Lopressor in smaller doses 
B times daily, instead of larger doses two times daily, to 
d the higher plasma levels associated with the longer 
ah interval. (See DOSAGE AND ADMINISTRATION.) 









ajor Surgery: The necessity or desirability of withdrawing 
-blocking therapy prior to major surgery Is controversial; 
mpaired ability of the heart to respond to reflex adrenergic 
uli may augment the risks of general anesthesia and sur- 

| procedures. l Sey 
opressor, like other beta blockers, is a competitive inhibitor 
ata-receptor agonists, and its effects can be reversed by 
\inistration of such agents, e.g., dobutamine or !so- 
erenol. However, such patients oe be subject to 

racted severe hypotension. Difficulty in restarting and 
ntaining the heart beat has also been reported with beta 


kers. 
jabetes and Mypeaivenn Lopressor should be used 
caution in diabetic patients if a beta-blocking agent Is 

sired. Beta blockers may mask tachycardia occurring with 
‘glycemia, but other manifestations such as dizziness and 








yrotoxicosis: Beta-adrenergic blockade may mask certain 
al signs 18-0., tachycardia) of hyperthyroidism. Patients 
cted of developing thyrotoxicosis should be managed 
‘ly to avoid abrupt withdrawal of beta blockade, which 

‘ recipitate a thyroid storm. ‘ 


Failure: Sympathetic stimulation is a vital component 
orting circulatory function, and beta blockade carries the 
tial hazard of depressing myocardial contractility and pre- 


y 

) 
i 
f 


Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior paon may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put, atropine (0.25-0.5 mg) should be administered 
intravenously. If treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

_AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval =0.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

If heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
If treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

Hypotension: If hypotension (systolic blood pressure = 90 
mmHg) occurs, Lopressor should be discontinued, and the 
hemodynamic status of the patient and the extent of myocardial 
damage carefully assessed. Invasive monitoring of central ven- 
ous, pulmonary capillary wedge, and arterial pressures may be 
required. Appropriate therapy with fluids, positive inotropic 
agents, balloon counterpulsation, or other treatment modalities 
should be instituted. If hypotension is associated with sinus 
bradycardia or AV block, treatment should be directed at re- 
versing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor volt be used with extreme caution in patients with 
bronchospastic disease. Because it is unknown to what ex- 
tent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with im- 
paired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meals. 
If a dose should be missed, the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined; (2) to contact the physician if any diffi- 
culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. . 

Risk of Anaphylactic Reaction. While taking beta-blockers, 
patients with a history of severe anaphylactic reaction to a 
variety of allergens may be more reactive to repeated chal- 
lenge, either accidental, diagnostic, or therapeutic. Such __ 
patients may be unresponsive to the usual doses of epinephrine 
used to treat allergic reaction. 

Carcinogenesis, Mutagenesis, a of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. In a 2-year study in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of pag mao 
rophages in pulmonary alveoli and a slight increase In iliary 
hyperplasia. In a 21-month study in Swiss albino mice at three 
oral dosage levels of up to 750 mg/kg per day, benign lung 
tumors (small adenomas) occurred more frequently in female 
mice receiving the highest dose than in untreated control ani- 
mals. There was no increase in malignant or total (benign plus 
malignant) lung tumors, nor in the overall incidence of tumors 
or malignant tumors. This 21-month study was repeated in 
CD-1 mice, and no statistically or Lr par significant dif- 
ferences were observed between treated and control mice of 
either sex for any type of tumor. l 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic cells, a Salmonella/ 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C f 
Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers hint. 
Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 


Pediatric Use 

Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

Hypertension and Angina 

Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities, 
arterial insufficiency, usually of the Raynaud type; palpitations; 
congestive heart failure; sik erh edema; and hypotension 
have been ec ae in about 1 of 100 patients. ioe CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS.) 

Naser vo 3 Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARN NGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 
ae Nausea, dry mouth, gastric pain, constipation, 

nest and heartburn have been reported in about 1 of 100 
patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
boa? af 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug sho 
be considered if any such reaction is not otherwise explicable. 

The oculomucocutaneous syndrome associated with the beta 
blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: in the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 
Hypotension 27.4% 23.2% 
systolic BP 
< 90 mmHg) 
Bradycardia 15.9% 6.7% 
(heart rate 
< 40 beats/min) 
Second- or 4.7% 4.7% 
third-degree 
heart block 
First-degree 5.3% 1.9% 
heart block 
(P-R = 0.26 sec) 
Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been re- 
ported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 4 

A variety of adverse reactions not listed above have been re- 

pae with other beta-adrenergic blocking agents and should 
e considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. : 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity ; 
Sar of overdosage have been reported, some leadin 
to death. 

Oral LDso's (mg/kg): mice, 1158-2460; rats, 3090-4670. 
Signs and Symptoms l l 
Potential signs and symptoms associated with overdosage witl 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote. a 

In general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamicall unstable than other ad 
tients and should be treated accordingly (see WARNINGS, 
Myocardial Infarction). Mee 

On the basis of the pharmacologic actions of Lopressor, the 
following general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. ik r 

Bradycardia: Atropine should be administered. If there is n 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously. ne 

Hypotension: A vasopressor should be administered, €.g., 
levarterenol or dopamine. 

Bronchospasm: A beta -stimulating agent and/or a theo- 
phylline derivative should be administered. = 

Cardiac Failure: A digitalis glycoside and diuretic should b 
administered. In shock resulting from inadequate cardiac con 
tractility, administration of dobutamine, isoproterenol, or 
glucagon may be considered. 
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